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 These  individualized^  ::??ll"P???5_?'^?^^D^  texts  for  a 

secondary-postsecondary  i^yei  course  for  telephone  switching 
equtpment_re patrman  ^re  one  of  a  number  of  mtiitary-deyeioped 
curriculum  packages  selected  ^f or  adaptation  to  vocational  instruction 
and  ci3fricuiu©  development  in  a  civilian  setting^  The  five-volume 
course  is  designed  to  pro vide  student s  with  understanding  of  the 
theory  and  normal  f unctp.ons  of  telephcre  equipment  to  permit  rapid 
analysis  of  telephone  troubles,   Volume  1 ^  Introduction  to  Career 
Field,  e9vers  safety  switching^  review  of  electronic  principles  and 
standard  test  equipment  ^  _  supply  principiles^  and  fundamentals  of 
managemeiit.  Volume  2,  Telephone  Fundamentals^  presents  an  overview  of 
relays  and.  sw Itches ,  basic  telephone  principles^  and  installation 
fundament als_ and  familiar ization  on  t h€_bperation_^nd  maintenance  of 
the  AN/FTA   13  manual  telephone  system.  Volume  3 r  strbwger 
Step-by- Step  Telephone  System^  discusses  applicat^ri  b&  fundamental 
information,   when  step- ty-step  equipmert  is  used«p  perform  the 
requited  switch  functions.  Volume        TY  Telephone  System,  covers  this 
system  in*  the  Method  used  in  Volume.  3.  Volume  5,  AQTOVON  Int  erf  ace 
Equipment  and  Base  Wire  System,  discusses  interface,  circuitr  y  with  ' 
respectto  cirquit  operation  and  maintenance  and  testing  and 
maintenance  of  the  base  cable  plant  to  handle_ AQTOVON  and  cTther 
quality  circuits.  Each  volume  contains  test  materials,   revie w 
exercises  and  answers,  tests,  and  supplementary  schematic  drawings^ 
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Preftiee 


AREFFIGIENT  inside  plant  telephone  repairman  uhderstahds  the  thcdry  and  the  hdrmal.fuhctibhs  of 
telephone  equipment.  This  understahdihg  permits  him  to  make  rapid  analyses  oOclephdhe  trouble. 
:   CDC  36251  reviews  the  :Wir;C  Cdmmuhications  Systems  Maintenance  Career  Field.  Also,  it  recalls 
ihformatiph  abput^lectncal  transistors,  relays,  switches,  iilspcctibri  of  tclephdric  equip- 

ment, tracing  of  teRpbbne  circuits,  testitig  of  telephone  circuits,  arid  tepaif  of  cential  df¥l^  ojuipmetit. 
It  also  covers  manual  telephone  sy^ems.and  AUTOVON  interface  maintenance.  It  introduce  SCOPE 
CAP^  a  relative^  new ^o^nm  that  provide  you  with  new  tools  and  techniquis  for  trating  and  main-^ 
fHining  qoaiity  toe  wire^stens.  -  __-  -  _  _  „ 

-  Tfais^-'home^dy-VCDC^        along  with  the        training  provided  during  OJT,  should  increase: 
your  knowledge  and  ^^are  you  for  undertaking  more  complex  tasks.  M^while,  you  will  be  helping 
your  on^imzafion  tu^mplij^  itt  missioh.  You  shbuid  recognize  durmg  your  training  that  difficult  tasks 
often  consist  of  many  simple  duti^;  therefore,  when  all  simple  duti^  are  completed  correctly,  the  com- 
plex task  is  accomplisl^      .    _  ,    _  ,  . 

This  volurne,  inm^dud^  to  Career  FieM,  is  the  first  of  hit; vdliimes.  It  consists  of  career  field 
dipuiizatibh;  Wirt  Cbinmiinicatidn  Systems  Career  Field  diitie^^i^^fety,  techniall  orders,  supervision 
and  tiHining,  msunteiiano^  inanageinent,  a  review  of  electronic  P'^^^p]?^'^^^^^^?^^.^  ^^P^^^* 
which  includei  o^verage  on  the  line  insulation  ^d  cqiaip^^t  routinexs;  supply  pn  ^id  ^itdar 

mentals  of  inanagemcnt.  Also,  you^  will  sec  a  review  of  electronic  fundamental  and  a  resume  of 
methods  for  using  i^hnicai  pabii cations.  Some  inspections  and  records  are  also  described  in  this 
volume.  You  will  find  that  this  volume  byilds  on  your  ^u-lier  training  and  that  it  will  aid  you  whoi  you 
are  studying  the  fourvblum^  that  follow.  In  addition,  it  will  be  useful  during  ydur  on-the-job  pfoficieh- 
cy  training. 

Cpmpletioh  j3f  this  vdliime  aids  in  fulfilling  the  theory  arid  fundamental  knowledge  itqUinKl  for 
AFSC  3625 1 .  The  total  training  ^uiremeiit  includes  further  development  thfoagh  the  job  proficiency 
guide  (JPG)  for  the  specific  equij^  j  >.  : 

Code  mimbers  ^PP^^^i  PP  f}^^^^     ^LP??^'^?^  agency jdentiflcatiori  only; 
if  yoQ  have  questions  on  the  accuracy  6t  currency  of  thejubject  matter  of  this  text,  or  recommenda- 
tions for  its  improvement,  send  them  to  SAAS/rTOXU,  Shq^^ard  AFB,  TX  763 1 1 ,  NOTE:  Do  hot  use 

the  sugg^tion  prognun  to  submit  corrections  for  typc^raphical  or  other  errdrs,  

.If  you  have  qu^tion^s  oh  course  enrol Imeht  dr  ^ministratidh,  or  oh  ahy  of  ECT*s  ihstriibtiohal  aids 
'dur  Key  to  Career  Dcvclopmeht,  BehaSiorat  Cftycctivc  Exefcises,  Vdliimc  Review  Exercise,  and 
Course  Examihatibh),  cdhsUlt  ybur  ediicatibii  bfficer,  training  bffi(%r,  or  NCO,  as  apprdpriate.  If  he 
can't  aiiswrf  ybur  questions,  send  them  to  ECI,  Gunter  AFS  AL  361 18,  prcfet^bly  on  ECI  Form  17, 
Student  Request  for  Assistance.^  ^  ^ 

This  volume  is  valued  at  36  hours  (12  points): 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of   be  cembe  r 
1978. 
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CHAPTER  2 


Safety  in  the  Switching  Center 


ACCIDENTS  arc  usually  the  riKult  of  a  Silurc  to 
think^More  accidents  arc  caus^  by  your  fellow 
rcpainneh  (and  you?)  than  by  equipment  failure.  You 
^ust  think  safety  and  use  s^e  prc^edUits.  You  m 
practice  diem  until  you  no  longer  have  to  concentrate 
to  do  them.  But  you_mu$t  guard  against  habit_taking 
the  place  of  though t^erfqrming  habimalh^ 
to  a  point,  bui  in  terms  of  safety jt  has  been  found  to 
haA«  Umitatiohs.  "Familiarity  br^ds  carcl«sricss." - 

Since  a  thorough  covci^e  ^^^^^ 
AFR  127-101;  Accuienj  Prevention  fkvidbpok,  we  are 
limiting  our  coverage  of  safety  to  your  work  area  and 
to  a  few  main  hawrfs^  A  of  thc^e  hazards  ari^^ 

your  observance  of  safety  rul«  can  result  in  greater 
succ^  for  you.  Furthermore,  th<^y  could  determine 
whether  ybur.life  as  ah  airmah  is  short  of  long  lasting. 

2-1.  Live  and  Let  Uve 

The  practice  of  safety  at  a  switching  center  Js  an 
important  function  because  of  the  design  of  the 

St  a]  l|a  ti  o  n  a  n<l  the  e  q  u  [p  m  e  n  t .  E  q  u  i  p  m  e  n  t 
components  are  possible  accident^ourccs  even  though 
th^  are  quite  safe  under  normal  cbnditi dhs.  Let  us 
consider  the  meaning  of  an  "accident  source:"  Then 
we  will  discuss  accident  causes." 

OM.  Define  the  terms  ''accident  soorce**  and>^ccj- 
dent  cause,*'  and  tell  how  they  relate  to  your  wofk 
area. 


Occident  Sources.  An  accident  source  is  not 
thought  to  -be  dangerous;  it  is  an  ihstrumeht  or  ah 
activity  that  has  a  potential  of  danger:  It  becomes 
harmful  when  it  is  handled  improperly.  For  example, 
soldering  irons  are  sources  for  accidents-  The  accident 
occurs  when  a  man  leav^  it  plugged  into  a  power 
outlet  while  he  is  not  in  a  position  to  use  it^  when  he 
places  it  where  it  can  be  accidentally  touched,  or  when 
he  flips  it  while  liquid  solder  is  on  the  tip:  The 
following  accident  souroK  may  be  in  your  switching 
center.   

Eiectricai  motors  or  generators:  You  learned  during 
yo^r  resident  course  that  noise  is  made  up  of  irregular 
sound  waves  that  give  an  unpleasant  sensation  to  th^ 
car.  Noise  is  a  byproduct  of  mechanization;  Sound  of 


mcKicratc  iiitehsity  heard  for  a  long  period  of  tiitie  can 
damage  ^our  heuing.  Of  course,  a  loud;  sudden  sound 
can  aiso^damage  it  The  rotor,  cams,  belts,  etc.,  turned 

a  motor  are  also  accident  wuroK 
*  1  Hipi'^iage  Xerminah.  Any  set  of  exposed  contacts 
that  provide  ja  potential  bf  600  or  more  volts  is  a 
"higji-vbliage"  risk.  LcMcr  can  also  be 

dangerous_if  they  cause  a  current  of  more  than  50 
milliamp)cres  within  the  human  body.  A  wet  floor  and 
damp  hinds  caii  provide  a  path  for  a  heavy'  current 
Y    doors^.  Equiptifent  doors  or  gates,  if  left  open  whsn 
no  one  is  working  at  the  position,  can  cause  severe  cuts 

\  and  bruises.   ' 

^  Oiairs:  A  chair  is  an  accident  source  when  it  is  used 
as  a  substitute  for  a  ladder.  In 'addition,  too  many 
Ipciderits  have  riKulted  from  using  a  straight-backed 
chair  as  a  rocking  chair: 

Metal  tools,  bracelets,  wrist  watches,  etc.  A  metallic 
^^yi^  ^A?P^^^_^^  ^'^'P"*^'!^  inoperative  because  it 
can  cause  short  cfrcuits.  it  also  can  shock  or  burn  the 
wearer.  If  touched  to  battery  terminals,  it  may  cause 
sparking  that  could  cause  gases  around  the  batteries  to 
explode.     ^         _  " 

Circuit  drawers.  Removal  and  replacement  of  a 
hMivy  drawer  containing '  circuits  has  resulted  in 
strained  backs,  injured  legs,  and  broken  toes.  In 
addition,  broken  circuits,  bent  frames,  and  chipped 
floors  result  from  drawers  being  dropped  Prevent 
xhc&c  accidents  by  using  gloves  and_a  helper 

RoUing  A'type  or  trolley  ladders.  Since  these  ladders 
openue  on  wheels;  they  can  move  and  be  moved.  For 
this  r^on,  you  must  use  safety  locks  (pegs)  to  prevent 
their  movemciit.  If  you  put  tools  on  the  ladder  or  earn 
them  carelessly;  they  can  fall  on  equipment  or  people 
on  the  floor  felow. 

Accident  CaiiMS.  Ah  acciideht  cause  is  the  unsafe 
act  or  unsafe  condition  that  accompanies  the  accident 
sburcc.  The  most  frequent  cause  of  accidents  is  human 
error  Figure  2-1  indicates  that  88  percent  of  all 
accidents  are  caused  by  unsafe  acts  of  people:  The 
unsafe  act  may  be  the  result  of  a  man's  failure  to  follow 
may  have  been  jiriaware  of  the 
safety  requirements.  Likewise,  a  man  failing  t 
recognize  unsafe  conditions  may  commif  an  unsate 
act.  Figiire  2-1  docs  not  show  any  statistics  for  unsafe 
equipment,  but  the   1 0-percent  rating  shown  for 
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AGGIDENT  CAUSES 


Figmse  2-rl .  Th^  relidvt  impotmnct  ot  icadent  mwiet 


'  Figure  2-2.  Wasce  Gkh  with  sel^closmg  fobt-bperited  lid. 


j^yucal  haziJtls  shcm^^  jl^lucte  thU  Jrbup.  You  can 
that  few  accidents  are  the  raalt  of  equipment 
design  and  operation.  ^ 

Accident  ouiso,  as  they  appiy  to  this  omMsr  ladder, 
caii  s^Mrat^  into  two  types:  those  that  destrc^ 
equipment  and  th^e  that  en^hger  a  person's  h^lth. 
^Spme  of  the  ouis^  fit  both  c^t^riok 

Acci4eht  causes  that  destroy  communications 
^^^^>^*  Here  are  10  causes  of  accidents 4hat  can 
dam>y  equipment  «  - 

( 1)  Smoking  in  M  uiuuithafiz^^  area.  The 
cbmmunicatidhs  equipment  roomiis  not  an  authorized 
^!^k[ny|  ar»  fors^^  reasons.  Smoke  is  ah  impurity 
that  causes  extra  switching  e^jinnMnt  main 
addition,  there  is  a  strong  possibility  that  battery  fwits 
"Mff^^^thih  Jter  Jmsa.  gas  fortned 
during  the  operation  of  a  battery  ^  expldde  if  it 
coiltacts  a  burning  material  br  a  spark.. 

(2)  FaiUg  to  pla<»  oil^  rags  ui  Ml^clbsing  mm 
containers,  one  of  which  is  shown  in  figure  2-2.  The 
container  should  be  carri^  from  the  building  at  the 
end  of  jhc_  jtay__and  the  rs^  nmipved.  This  act 
eiiminates  the  possibility  of^a  fire  in  the  building. 

(3)  Using  gik>line,  kerosene,  or  other  flammable 
fueb  for  cieamng  gul^^ 

(4)  Depositing^  cigarettes  or  matches  iri  a 
wastebasket.  Even  if  the  ci^urtte  or  match  appears  to 
^J***^  f**?")!^  waitebiskct. 
SpepiaUy  identified  containers  are  made  for  their 
disfKMil, 

(5)  Ofi^Ung^jpiifentw^^ 

_  (6)  Failing  to  follow  equipment  safety  precautiorsi. 
fp_r  ij^tim^^  ohmmeteri  have  t>Ben  damaged 

beoiuse  the  maihtoiance  man  has  neglected  to  remove 
power  from  the  circuit  to  be  tested. 

(7)  Operatihg^^^ihsafe  equipment.  Included  in  this 


^t<^P_ry  U  electrical  equipment  whiqh  has  Jibt  b^h 
property  grounded;  -  - 

(8)  Maintaining  a  jmessy  work  area.  An  example  of 
condition  is  a  cluttejtd  work  space,  which  can 

result  in  the  Ic^  of  a  uny  component  Solder  droj»  le^ 
oh  the  floor  result  in  danger  to  the  workmen  because 
it^^J4^  _^^^  to  stumble  a^^  r^uce  his 
insulating  protection;  IncidenaUy,  dropping  melted 
spider  fr6m<a  high  level  while  performing  your  work  is 
^^l^^l^  in  the  flrst  place.  This  solder  can 
cause  m  undesired  connection  in  the  operating 
equipment.  _^ 

(9)  Wearing  loosely  hun^ID  tags  or  jewelry  when 
working  with  electrical  equipment; 


PERFORAtrONS 


STRAP 


Figure  2-3.  One-piece  plaitic  gogglei. 
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' :  ^O^^icin^i^  of  soda  pop  or  other  liqu  ids 
^  P^e^juiprac^  they  can  be  spilled  easily  onto  the 
I  'dc5dcc^:of 

•/4j^pgnf^^U^^^^  am  resuli  in  injury  to  thi^ 
nmniM^^'  ii^^^f^^  eight  causes  of 

p^noftSr 

i  liljj^.l'W'^     Mfc-^Jety-fclothing  an"^^  device.  The 
(gp]S^p^^.^lg^re  t-3  w^^^  ^^pJ^\^PiP^  prbieciive 
dc^^        you;  need    herilyoa  arc  soldering:  When 
yoy^^^nlHrig  cbricreic,  you  also  need  goggles. 

^2)p»WGrlf|ng  at  unsafe  speedy. 
.     (35''  Indulging  in  horseplay^  ;  ' 

Assuming  ah  urisafcll^y  position  while  you 
art  !  workijig.  Fijure  2-4A^^shqw5  a  man  iiv  the 
improper  position  for  liftin^ra  heavy  (50  ibs)  object: 
Fi^re  2-4 B  shows  the  proper  position  for  lifting  this 
cartdn:  The  legs  are  exertin|  the  ptil^^i^  JiftinjgjQrce. 
NOTE:  You  may,  occasianaliy^  have  to  assume  an 
unsafe  body  'pbsiiiori  because  of  the  construction  of 
the  cquipmem  that  yau  are  testing  or  repairing. 

(5)  Using  the  wrong  tool  for  the  job  or  using  a  tool : 
improperly.  Figure  .2- 5 A  shows  a _  flic  being,  used 
without  a  handle  and  the  riesults  dyhis  act.  Figure 
2-5B  illustrates  the  improper  frositioning  of  a 
screwdriver.  An  inclin^  or  slanting  screwdriver  can 
also  result  in  a  ptmcmrcd  arm  or  hand. 

(6)  Pouring  water  into  acid  when  making  battery 
ele^dlyte.  If  water  is  added  to  the  sulphuric  acid, 
boiling  scatter  the  lijquid  arid  cause  severe  acid 
bums.  Spilling  electrolyte  onto  unprotected  clothing 
can  also  result  in  acid  burns. 

(7)  ^^ailing  to  warn  individuals  of  possible  dangers 
or  failing  to  observe  warning  signs. 

(8)  Usirig  toxic  fluids  within  a  confined  area. 

Exercises  (0O4): 

1.  What  two  factors  are  a  part  of  every  accident? 


005..  Gi veil  selecte^^  sitjiatibiis*  dealing  with  live 
circuits^  identify  any  safety  violatidns  pre^nt  aiid 
state  tkae  precautibn(s)  that  you  shonid  observe. 


tivl^  €ircaits.  Wise  maintenance  men  ti-eat 
'energized  electrical  circuits  with  respect  and  ca^ttion; 
T'^^y^5*°  -no^^^  j1ig*i-vdltage  equipment  without 
knowing  exactly  what  is  to  be  done.  Avoid  equipment 
marked  "DANGER-nHiGH  VOLTAGF'  unless  you 
,  h^^^:^1i^^^9nzed  to  cdritrbi  it.  Even  then,  handle 
it  with  care:  For  example,  wear  electrical  safety  gjqves 
designed  for  the  voltage  with  which  you  are  going  to 
^^^'^^  J^  P^^O'l  '^l^^^  to  repair  electrical 

equipment  without  switching  off  the  power  is 
gambjirig  with  death. 

^^^^^y  j^^^^^^^  fc'e  bypassed  pr^ 

modified  without  authorization:  A  blown  fuse  must  be 
replaced  with  another  fuse  of  the  same  current  and 
^^I'^^S^y^^^^'^J- listing  when  you  are 
working  Svith  electrical  equipmem:  Use  insulating 
mattirig  dri  the  floor  next  to  high-voltage  equipment, 
^"•^^.^ J^^P^A''^"^ Jest  berich^  that  ^ou  dp 

not  let  metallic  chips,  loose  solder,  or  small  parts  fall 
on  the  mattirig.  This  metal  will,  in  time,  reduce  the 
insulating  value- of  the  mattirig. 

DQ  NOT  WORK  ALONE  on  or  near  HIGH 
^^QLTAGE.  Statidri  a  helper  where  he  can  see  you 
and  where  he  can  reajh  the  main  switch^UH:kJy  iri  case 
of  an  emergency.  Furthermdrc,  all  personnel  should 
Jhe  prdper  treatment  for  electrical  shock. 
Remove  your  jewelry  before  yoU  work  on  this 
equipment.  Keep  your  clothingjclosed  so  that  zipper?, 
etc.  cannot  contact  a  high-voltige  terminal. 

Exercise  (005): 

1 .  In  siiuaiidris  I  thrdugh  3  at  the  end  of  this  chapter, 
identify  the  safety  violations  pertaining  to  working 
with  live  circuits  and  state  the  safety  prefaution(s) 
that  should  be  obsiSrved. 


2.  An  electric  drill,  a  circuit  breaker,  a  Strowger 
liriefirider,  and  an  XV  selector  switch  are  in  which 
.  of  two  classifica&ins? 


3.  Define  the  two  factors  that  result  in  accidents. 


0<H$.  Given  selected  work  situations  dealii^  with 
the  use  of  tools  and  test  e^iiipiiieht,  identify  the 
safety  violations  and  state  the  safety  precaution(s) 
that  should  be  observed. 


4.  By  what  nii^aris  should  you  dispose  of  oily  rags? 

5.  What  is  a  possiblp  accident  that  you  could  cause 
when  mej^ring  the  resistance  of  a  component  in 
an  electrical^ircuit? 


:  lT^*S'  TPPis  can  be_  separated  into  many  types, 
such  as  relay  adjusting  tools,  punching  tools, 
wreriches-,  etc.  Our  major  groupings  for  this  section  ^ 
are:  using  tools  and  preparing  tools  tor  storage. 

UsVn^  tools.  You  must  never  hold  tools  such  as  drills 
2ih5l>crewdrivers  at  an  angle.  To  keep  from  breaking 
them:  hold  them  upright.  For  the  same  reason,  dbri't 
twisi  ihem  with  a  pair  of  pliers  or  pry  with  them.  Do 
not  hold  drills  in  one  position  until  the  bit  Is 
overheated.  Excess  heat  weakens  the  metaL  M(We  it  in 

lb: 


against  the^  and  then  pull  it  bade  to  let  it  cool 
momentarily. 

Do  riot  use  pliers  on  a  nut  because  you  will  giin  the 
T^l^  PI^^_^  "?^^lso  strip  the  pHer  jaws.  You 
will  break  pliers  if  you  use  them  as  a  bar/pr  prying 
objects.  Use  a  minimum  of  strength  when 
r*'*!?""?_P^A^'?  i^^ust  relay  cbriiponents  t^cause 
excessive^trength  can  break  the  components.  "Light 
fingers"  are  required  when:  using  all  relay  adjusting 
tools: 

Wrenches  should  be  pulled  toward  you.  Use  the 
correct  si2e  wrerich  to  prevent  damage  to  the  nut  being 
loosened:  A  pipe  should  nd^^  extension  to 

the  wrencji  handle  because  it  puts  extra  pressure  on  jthe 
J^^>  _^"4  ["ay  also  break  the  wrench.  . 

^ever  cut  into  nails  with  a not  twist  a 
saw  to  flip  off  strips  of  waMp  material.  This  act  may 
warp  the  blsKfe  or  bend  the^eet^^ 

Place  a  canvas  or  some  type  of  "carthbasket" 
between  your  high  level  work  area  and  the  operating 
^"AP"^?"l  ^l_o^  bcgiririing  to  solder  or  use 

loojs.  Take  care  that  your  work  is  done  at  a  safe  speed 
arid  that  you  don't  overstretch.  Otherwise,  the  work 
P^Pr  quality,  or  you  may  fall  from  your 
position.^  ,^  '  . 

Prrfxirihg  tools  for  siorage.  Metal  tools  should  b^ 
^^^^J*"*^^  ^Tyst-preveritive  compound  and  storb^  In 
a  dry  place.  A3so,  tools  should  not  be  tdssed  together 
in  a  toolbox.  Keep  them  in  divi'^ed  units  or-placc  them 
°"  „^^P^*^_  "^^^1  i^E^i^e  containers  for 

devices  such  as  hydrometers:  The  hydrometer  should 
be  stored  near  the  battery  bank  and  be  cleaned  and 
^^^f**  **^-^^?":yoylFC^  tool  frorii  storage, 
inspect  it  for  damage  before  you  use  it  and  wipe  it  with 
^  ^'T  J'M  tP  remove  the  rust- preventive  compound. 

T^*^^"^Pf^^  electrbriic 
equipment  by  fulling  the  unit  gently  from  its  storage 
^"?i"^r  _WU^<^raw  it  taking  it  out  straight.  Use 
gjoyes  when  you  are  carrying  heavy  equipriierit  arid 
eqilipitierit  with  rough  edges. 

,  test  unit  from  the  container, 

inspect  it  visuailjcjor  evidence  of  Cdrr^ibn^  brbkcri 
control  kriobs,  a  bent  pointer,  ctacks,  missing  screu^, 
^''Jr^y^^^^i  ^^Pre  us^  read  the 

operating  instructions  and  note  the  precautions  that 
apply  to  it.  For  exariiple,  if  you  are  planning  to  test  a 
direct  current  cifcuit,_  make  su^  that  you  do  not 
ponncct  with  a^mponent  having  aiternating  :currerit 
KNOW  YOUR  TEST  EQUIPMENT  AND  THE 
eiELCUfTS  FOR  WHICH  YOU  ARE 
RESPONSIBJ.E. 

\^"^pcct  the  test  iristruriieni  for  electrical  operation. 
Check  for  the  following  in  this  inspeciibri: 

„^\J^^?ce  of  poiriter  movement  when  voltage  is 
applied  to  a  completed  meter  circuit. 

J^j  Pointer  moyement  to  an  improper  position.  To 
illustrate,  durihgthe  ZERO  adjustment  procedure,  the 
pointer  fails  to  move  to  zero. 

c.  Pointer  fluctuation. 
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When  using  the  testjjquipmeni,  ishow  respect  for  the 
electrical  voltages  pftsent.  If  a  second  repairman  is 
available,  use  him^as  a^  Comply  with 

the  technical  orders  that  apply  to  the  ti^t  eqiiipriient 
and  to  the  equipment  being  checked,  iDbey  ail  safety 
directives  pej-tainihg  to  the  use  of  electronic 
equipriierit. 

:  iif^^^u"!  the  test  iristniment  to  its  storage  case  when 
^L"!^^^  force  it  jritb  position  if  you  meet 

resistance.  Look  f^r  a  device  that  is  improperly 
^sitioried.  Reriiembier:  ,fest  sets: are  delicate, 
expensive,  precision  iristriiriierits.  Treat  them  with 
care. 

Exercise  (006): 

I .  In  situations  1  through  3  at  the  end  of  this  chaj>ter, 
identify  the  safety  violatidns  of  the  use  of  tools 
and  test  equipiticnt  arid  Jtate  the  safety 
precaiition(s)  that  should  be  observed. 


99^!  9**>*lJfl^ted  work'^^iiiiatjons  dealing  with 
•  the  use  of  ladders,  identify  the  safety  violations  and 
state  the  safety  precaotionis)  that  should  be^^ 

observed^ 

Ladders.  There  ari  likely  to  be  several  types  of 
ladders  in  a.<xrittal^ office.  Iri  riiost  Strowger  exchanges 
,  the  troiiey  type  is  normally  found  while  the  A-type  is 
found  in  most  XY  exchanges. 'Regardless  of  the  type, 
you  must  observe  certain  basic  practiced. 

Those  that  have  wheels  pr^nt  an  obvfcus_  riiust; 
you  miisi  tfe  able  to  keep  them  from  rolling:  The 
trolley  type  has  a  brake  sssembly  that  is  riiouitecj  in  the 
charirielirig  that  holds  it  upxright:  The  A-typc  has 
wheels  that  are  sjjririgload^  That  is  to  say  that  kwHl 
roll  when,  nothing  of  sufficient  wejght  is  on  it,  When 
sorilebrie  is  on  it,  the  springs,  compress  and  allow  the 
feet  of  the  ladder  ta  r^  on  the  Door. 

Everybody  knows  that  you  Wouldn't  walk  urider  a 
l^^^.^Mt  J^ve  you  ever  done  h  just  to  prove  to 
yourself  that  you  could  db  it  without  getting  hurt? 
Probably,  but  as  the  songwriifr  put  it,  "Your  day  will 
^o"^^/'  f'^^also  taken  for^anted  that  most  folks  know 
not  1:^0  stand  on  the  top  step  of  a  ladder^  but,  if  you1l  , 
MtGh,  you*l!  see  it  being  doneand  not  necessarily  b>a 
dummy.  Some  jpeople  also  try  to  save  time  by  not 
moving  a  ladder;  they  lean  just  a  little  farther  to  reach 
what  they, want.  By  doing  this  sort  of  thing,  not  only 
are  you  li)cely  to  get  huh^  but  you  become  a  statistic, 
your  supervisor  must  fill  out  a  ream  of  paperwork;  arid 
the  ground  safety  pK^^  Remember,  "Crime 

doesn't  and  Safety  does'Vpay. 

Now  let's,  talk  about  crime;  Youve  heard  the 
P^''^'^""^A'^:a  crime,'\  whe^^  something  unpleasant 
happe>is  to  someone;  It's  j[)eopIe  like  us  who  are 
respdn^^ible.  Do  you  leave  things  on  ladders?  Think 


cafeftilly  befbre  yoa  give  oat  with  a  self-rightcbus 
**No."  Not  even  fpr  just  a  minute?  Every  now  and  then 
we  all  do.  And  be<;^usc  we  do^^b^le  a^^^^^^  hari: 
i  ^  It's  very  easy  to  leave  a  piece  of  test  equipment  or  a 

^  couple  of  tools  r«tihg  on  brie  bf  the  ladder's  stjeps  of 

bri  top  of  an  A-type  ladder  when  you  are  going  toj^ 
gone  for  just  a  minute  to  get  or  do  something.  Ofteri» 
sbmebody  rieods  the  ladder  while  you're  gone.  If  what 
has  b^ri  left  on  the  ladder  doein't  fall  on  that  person, 
it  faiisl^on  the  floor  and  breaks* 

Exercise  (007): 

i :  In  ^tuations  1  through  3  at  the  end  bf  this  chapter, 
idcritify  the  safety  viplaUorisjyert^ 
with  ladders  and  state  the  safety  precaution(s)  that 
should  be  observed. 


008.  Given  selected  work  situations  deaiing  with 
the  i»e  bf  solvents  and  Iiibriqints^  identi^  t|ie  safety 
rlolaUoiu  jmd  s^^  the  safety  precautlon(s)  that 
should  be  observed. 

^  Solvents^  You  have  dealt  with.JK)lvents  almost  all  of 
your  lif^.  From  the  time  you  were  first  ^ble  to  get 
^around  you  were  told  to  stay  away  from  thtfm  or  to  be 
extrem^jy  careful  when  you  use  thcrh.  But  you  have 
iearBc?H^--Bye~wiih  them  and  riormally  are  pretty 
complacent  about  them.  A* _^P?lc  nypu  have^  such 
solvent  as  drain  openers  and  household  ammonia.  In 
the  ccnirarofficc  ^u  can  firid  some  bf  the  same  thmgs; 
bulbil  will  alfoTind  specialized  sojvents: 

TricMoroethane  or  trichioroethylene.  This  .soiverit^ 
ofteri  called  trichlbr,  is  a  liquid  used  to  clean  switcliihg 
^^ip^^^^'^l^P^^S  §^>^^h»  is  3  Job  thatHS  not  done 
as  often  todays  it  used  to  be.  AS  with  anything  else 
that  is  done  infrequently,  j^ple  foYgetcertairi  things, 
and;  thus,  have  accidents:  Trichlorocthane  is 
practically  nohflanimablc  at  normal  temperatures,  arid, 
i  t  is  a  g(K>d  «ju ipmch  t  c  leaner^  J^P^^y^*  does  have 
its^^wbacics;  it  is  toxic.  If  a  person  inhales  the  fumes, 
he  can  suffer  loss  of  appetite  and  headaches^  nausea,  or 
even  complete^  sUi|^  the  odor  bf  trichlor  would 
make  the  average  person  avoid  inhajing  the  fumes;  but 
there  arc.tiriies  when  you  must  be  exposed 
Thcdrctically,  it  is  used  only  in  wcll-vcntiiated^rcas: 
The  problem  is  jjiat*  we  have  exchanges  that  rieed  to 
Pl>'rratc  jri  a  cbngfelled  amiosphcre  and  wcjl-wntila^^ 
plac»  i&  workd[n;an  exchange  are  almost  impossible  to 
find.  There  arr^omc  siriipjc  precautibris  we  can-  take. 

(1)  Use  a  small  fan  to  blow  the  fumes  away  from 
you.  . 

(2)  Work  with  trichlor  for  short  periods  of  time  arid 
have  someone  check  on  you  pcriodicaliy  for  any 
tklliaJe  symptoms. 

(3)  Keep  the  container  covered,  except  when  you 
need  to  get  into  it. 

(4)  Watch  for  a  feeling  of  nausea  ot  dizziness. 


These  siriiple  precautions  should  allow  ybu  to  get^ 
the  job  dbne^with  iittje  or  no  chance  of  U\  effects  to 
you  or  your  coworkers. 

Lubricants.' We  dbri*t  use  lubricarits  as  often  as  we 
Used  tj).  We  use  to  lubri^te  ail  the  switches  in  our 
exdjanges  completely  ev^  ^90  to  180  days.  This 
ivtwrvd^l,  thariks  to.riewei^bricants  a^^ 
Maintenance  P^rsonneUnas  been  extended  to  periods 
of  up  3  y^rs.  Because  of  jhe  decrease  in  ^witch 
bilirig,  you  are  probably  urifamiliar  with  the  ta^^  You 
know  that  you  should  use  ^ech  data  whenever  you 
perform  maintenance;  it's  the  law!. 

Have  you  ever  noticed  ^hat  when jyoii  u^  oi  I  for jany 
reason  it  gets  spilled?  These  spills  create  two  possible 
accident  caus«:  oily  ra^  and  slick  spots  bri  your  floor. 

Because  people  don't  wa^tch  whc^  they  are  going 
when  they  are  in  familiar  surroundings,  they  won't  see 
a  slick  spot  on  the  floor.  Therefore,  to  avoid  a  serious 
accident^  you  must  wipe  Up  ^spills  quickly  and 
thoroughly:  Then,  you  should  dispose  properly  of  oily 
ra^  to  avoid  a  fire  started  by  spbritariebiis  (XJitibiistidn 
or  a  spark  from  a  cigarette,  ci^r,  or  pipe. 

With  just  a  little  care  on  your  part,  you  can  prevent 
many  acciderits.  Properly  dispbs i rig  xDf  rags,  ^^^^^ 
storing  lubri^nts,  and  wiping  up  your  spilis  promptly 
go  a  long  way  toward  m;iking  your  shop  a  safe  shop. 


Exercise  (008):  ^ 

].  In  situations  I  through  3,  at  the  end  of  this 
chapter,  identify  tHe  Mfety  \ij3la^ 
working  with  cleaning  solvents  arid  lubricants  and 
state  the  safety  precaution(s)  that  should  be 
observed. 


2-2*  A  Place  for  Everything 

A  place  for  everything  and  everything  in  its  place. 
This  maxim  isn't  jiist  an  old  cliche;  it's  also  a  good 
riiotto  for  today,  particularly  in  a  shop  environment. 

009.  j[Slyeii  selected  maihiehaiice  situations^ 
idehti^  tM  ^Bit^  ^ar^  due  to  p6or  or.  irapro^r 
hoisekeeping  and  state  the  safety  precautibnCs)  that 
should  be  observed. 

You  would  think  thaL at  our  age,  over  1 8  that  fs,  we 
wbuld,  through  habit  alorie,  keep  dUr  work 
envirjjnment  neat  and  clean:  Do  you?  Take  a  look 
around  yo«4  exchange  the  next  time  you  have  a  spare 
riiiriute.      [  

Art  ail  the  toots  either  in  use  cur  in  their  proper 
placw;  how  about  the  test  ^Jipriient?  Are  the  dust 
covers  jMl  the  <K:juipment  prd^rJy;  if  not,  is  it  because 
someone  is  wording  on  the  equipment?  If  a  diist  cbver 
is  off,  is  it  in  tho«|isle  where  it  can  be  damaged,  or  is  it 
stored  properly?  Let's  look  further:  Are  rags,  cleaning 
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splvehts,  lubricants  or  miscellaneous  Hawiware^^ 
abbai  on  or  under  the  workbench?  What  does  the  floor 
look  like?  In  your  lour  of  the  exchange,  did  ybu  have 
lb  step  over  or  arout^  trash,  tb^  ^^^jp?^^'?^' 
TC^  i)iai  shoaid  nom^ve  been  there?  Were  there  any 
slick  spots  on  the  fjoor  caused  by  some  spilled  liqiiid, 
such  as  oil,  cbffeicf,  or  cbke*^  We  have  only  scratched 
the  surface,  but  by  now  you  probably  have  a  good  idea 
of  what  we  are  talking  about. 

Tools,  tech  orjiers^,  arid  t^t  jSju^pment  have  rio 
business  on  ladders  i>r)n  die  aisles  on>5£jJie  work  has 
stoppled.  Also,  they  should  not  -be  left  laying  bh  a 
bench  once  the  job  is  done.  If  we.  put  bur  equipment 
away  when  we  are  through  working,  we  not  only 
elirninate  a  possible  accident,  we  also  know  where  "to 
firid  jhe  w|ujprt)erit  the  next;  time  we  need  it. 

Equipment  dust  covers  are  helpful  because  they  cut 
down  equiprnent  problems  due  to  dust  and  dirt  in  the 
air>  buJf  Kyou'ye  eVer  stumlD|ed  bv^  one,  you  probabljr^ 
had  a  few^choice  words  for  it  and  the  person  who  left  it 
there.  Putling^things  in  their  proper  places  is  essential 
tb  a  safe  shop. 

The  disposal  of  oily  or  dirty  rags  and  the  storage  of 
flammabfe  liquids  is  of  considef able  concern,  to  aU  of 
us.  Fire  ribt_ only  destrbys  nliUibris  bf  dollars  Worth ^f 
buildings  and  equipment  each  year,  but  it  also  claims 
thbiisands  of  I ivcs^  Simple  measures,  such  as  stbririg 
0artlmable  li^uids:^in  an  outside  storage  area  and 
putting  ragi  in  a  can  with  a  se if- closing  lid,  reduce  the 
chandic  of  Fire. 

Trash  on  the  floor  and  slick  spots  due  to  spilled, 
coffee,  water,^>vax,  etc>,  in  combination  with  a  i>ersoh 
in  a  hurry,  fbrm  ^  P<^Ven]iaI  bmken  bac^  or 
worse;  Small  scraps  of  wire  in  and  arourtd' fhe  main 
distributing  frame  (MDFj  is  probably  the  ^  biggest 
source  of  central  office  tra^h  bri  the  floor. 

Housekeeping  is  important  to  you  and  the  people 
ybu  work  with.  It  not  only  makes  your  exchange  a 
safer  j>lace^  bjil  it  makes  your  job  easier  because  no 
major  cleanup  is  ever  necessary'. 


Eter^cises  (009): 

1 .  ^tate  the  safety  hazards  due  to  poor  housekeeping  * 
present  in  situations  1  through  3  arid  state  the* 
precautions(s)  that  should  be  observed; 


V  Situation  I 

Sgi  Johnson 'Vr'ent  to  the  power  board  in  response  to 


a  major  alarm^  He  found  a:blowri  Uamp  iridicaibf 
aliarm-tyf)e  fuse  that  was  in  parellel  with  a  i50-amp 
cartridge  fuse.  Sgt  Johnson  realized  that  the  cartridge 
fuse  had^ blown,  causing  the  l  -arilg  fuse  to  blow.  He 
went  immediately  _  to  the  bench  stock .  and  _  got 
replacement  fiises  of  the  proper  ratings,  as  both  fuses 
needed  to  be  replaced.  He  then  went  to  tile 
workbench,  got  an  insulated  fuse  pulier  and  a 
screwdriver,  and  went  to  the  power  board  arid 
replace  the  fui^ss^When  he  was  done,  he  returned  the. 
too  is  to  their  proper  places. 

Situation  2 

,  AIC  Smith  wen^^  la  run  a  jumper  on  the  MDF.  The 
cable  pair  was  fiigh  on  the  ventcal.  a  litiie  higher  than 
eyeleveL  He  routed  the  jiirhper  and  connected  it  to  the 
hbrizbrital;  tcnninal  block.  He  theri  •  stripped  the 
insulation  from  the  jumper  and  proceeded  to  connect  : 
it  lo  the  protector  iyith  the  wire  wrap  gun.  Whi^^^ 
Aintian  Smith^  was  in^he  pW^.  of  terminating  the 
jumper,  the  barrel  of  the  wire  wrap  gun  touched  the 
terminals  just  beneath  those'  he  was  wbrkihg  bri. 

Situation  3 

Airman  Jones  wa$  iqjd  by  hjs  supei^isor  to  clean 
;  and  lubricate  the  switdiiss  m  linefinder  bay  1 .  Airrrian 
Jones  went  tO:;  the  TO  -  cabiriet  arid  removed  the 
workcard  tech  order  he  needed:  After  he  found  the 
section  dealing  with  switch  cleaning  and  lubrication, 
he  gat  he  red  \rp  t  he  ri  eq^^ary  m  atcr  iajs  fb  r  the  j  b  b . 

After  he  fiad  olDtajncd  all  the  materials,  he  set  up  an 
area  at  the  workbench  and  weriMo  get  the  first  switch, 
afecame  he  Tou  was  at  the  very  top  of  the 

equipment  bay,  he  went  to  get  a  ladder.  After  he 
moved  two  dust  covers  but  of  the, aisle,  he  pk)sitibried 
the  jadder  so  that  he  cou[d  get  to  the  linefinder  switch 
he  needed.  After  he  removed  the  ^wiich^  he  put  the 
wrench  arid  screwdriy^  bri  the  tbp  step*  of  the  ladder. 
When  he  returned  to  the  bench,  he  started  cleaning 
and  lubricating  the  switch  in  accordance  \vith  the  TO 
iristruciibris.  -i  i  v  :  _  i  i: 

Shortly  after  be  started  the  job:  one  of  his  friends 
asked  him  to  go  ibxoffee,  and  he  did,  promptly.  When 
he  reiurried  frbrii  his  cbffcebreakv  h^  found  an  oily^rag 
in  the  work  area  and  all  the  containers  tightly  capped. 

When  he  asked  his  su|>ervisor  why  somebody  had 
beeri  rriessinj:  arburid  iri  his  ar^^  hevwas  told  that 
someone  had  accidenialiy  knocked  over  the  bottle  of 
oil.  Airman  Jones  then  returned  to  cleaning  and 
lubricating  liriefinder  switches. 


NOTE:     Chapters  3,4,  and  5^  have  been  cjeleted  due  to  military  specific 
materials. 
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Electrbhic  PHheiples 


THE  TELEPHONE  iSLncithcr  a  novelty  nor  a  luxury 
in  bur  present  world.  For  bur  ^t- moving  civil izat ion 
it  is  a  necessity.  Our  entry  itttoAe  age  of  satellites  has 
iftcrcased  the  [need  for  sf^^d  and  accuracy  In:- 
j:bmmuhicatibhs.  As  a  riKult,  the  cximplcxity  o^ 
communications  systems  has  also  increased: 
Therefore^  your  knowledge  must  expand  or  broaden 
for  you  lb  b^  able  to  maintam  ^uch  eq^ui^mc^^ 
To  gai#  recognitioa  and  advancement  in  your 
telephone  switching  systems  car^r  field,  you  must 

siixdy  niany  related  tclcj)hdnc  systcfm  

Accurate,  high-quality  telephone  systems  depend 
on  electricity.  In  addition,  many  of  the  testing  units  for 
which  you  arc  TWpqnsi  work  on  electrical 
principles:  You  can  s^,  then,  why  a  chapter  about 
electrical  fuhdairiehtals  is  valuable.  Furthermore, 
during^  your  study  of  the  other  CDC  volumes  that 
contain  descriptions  of  equipment  circuits,  you  may 
heed  to  refer  to  these  circuit  principles. 

6-1.  Tcniis 

A^  technician  in  any  career  field  most  be  able  Jto 
'  communicate  with  men  in  his  own  and  allied  fields. 
Whetl  tech hjcians  talk  atout  their  work,  thcyuse  terms 
that  are  job  related:  They  use  electrical  terms  and  ^ 
symbols  wl^h  they  are  presenting  a  circuit  to  simplify 
the^rcscntatibn  and  permit  tf**  more  rapifcl 
understanding  of  the  circuit  principles. 

053.  6iven  a  list  of  ciectriaii  terms,  match  them  to 
the  proper  explanation. 

Eifctricai  Terms.  We  know  that  there  arc  many 
terms  that  apply  spccificaUy  to  cliw:tn 
descriptidns:  However,  it  is  not  necessary  that  we 
mention  every  term  because  many  arc  familiar  to  any 
electrical  systems  jemirmah,  whether  ^  wp'j^ 
automotive  electricS  systems,  building  electrical 
systems,  radio  systems,  or  telephone  systems.  You  have 
seen  the  tenriMhat  w^^  listing  before  In  the  resident 
course  study  materials.  - 

Decibel  (db).  This  term  is  a  unit  for  expressing 
j^wcr  ratios  in  electrical  drcuits:  For  example,  0  db 
can  indicate  a  power  ratio  of  1;  in  this  case,  10  drf 
equals  a  power  ratio  of  10,  and  20  db  equals  a  power 


ratrb  of  IK).  Consequently,  30  db  would  equal  a  ratio 
of  1000.  Zero  db  can  be  used  to  indicate  a  ciirrcnt  or 
voltage  ratio  of  1,  but  in  this  relationship  10  db 
indicate  a  ratio  of  3.2.  The  use  of  decibels  permits 
you  to  avoid  Very  jarge  or  very  small  tium^rs  when 
yoiLare  analyzing  circuits. 

E^fferential  This  resii Its  from  a  difference  in 
quantities  or  qualig.^For  instance,  a  di^erential  relay 
operat«  or  fails  to  operate  because  of  the  difference  in 
oirrcht.  Current  in  both  wiruiin^  jprcvch 
from  dfgsrating  because  of  magnetic  opposition.  On 
the  other  hand,  current  in  only  one  winding  causes  th<c 
relay  to  oj^£ratc.   _  -   f       1  _^  :  

Energized:  Energized  refers  to  a  condition  in  which 
currcht  is  flowing *iri  th^  device;  thus,  it  is  bpcfatirig. 
This  stat€mcntjna£  not  always  hold  true  beooise  'some 
descriptions  specify  energized  as  the  condition  in 
which  the  dcvite  has  prcopbratipnal  cUr^^  an 
additional  surge  of  current  follow  which  operates  the 
device.  •  _  ^ 

Preparing  a  circuit,  Vdu  will  often  find  this 
expression  used  when  the  circuit  activitiei  of 
commuhications  equipmient  are  being  described.  It 
id^tifi«  an  actio^^^  ^^^'^^ 
opettscontacts  where  one  part  of  the  circuit  has  just 
been  Closed.  Hpvk^cvcr,  the  operating  circxut  is  not 
complete  until  all  remaining  t)pen  contgcts  are  closed, 

Resistanre  battery.  Resistance  battery  is  an 
expression  for  a  circuit  surangcmcnt 
or Taistancejlevice  is  connected  between  the  relay  and 
the  power  unit's  terminals.  Consequently,  during  the 
relay's  bpcratioh,  the  current  *JJI  ^  l^^Jhan  w^^ 
be  available  without  the  scries  resistor.  Likewise, 
having  a  voltage  drop  across  the  scries  resistor  results 
in  a  smaller  voltage  n^dittg  at^tl^ 

Ringing:  Signaling  is  accomplished  by  using 
alternating  current.  But  it  is  the  usual  pracucc  also  to 
connect  the  ringjngjisad  to  a  battery  source,  because 
this  connecttorr  permits  an  associated  relay  to  operate 
to  cut  off  ttw  ringing.  A  polarized  relaj'  or  a  slqw^tb- 
dpcratc:relay  may  do  thjs:  In  addition;  making^thc  AC 
ciraiit  a  low-value  current  ci^it  while  the  E>C  circxiit 
is  developed  to  have  a  greater  current  flow  would 
allow  this  cutoff  operation:  You  will  often  see  this 
connecting  procedure  referred  to  as  superimposed 
ringing. 
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Figurt6-I.  Rcprcicniatrvc  ciccirical  symbols 


Exercise  (853):        'r  r 

Match  thcjci^  and  symbols  listed  on  the  left  with  the 
proper  name  or  explanation  listed  on  the  right. 


.  1. 
.2; 
.3. 

.4. 
.5. 
-6. 


Decibel. 

Prqpiuihg  a  ciraiit: 
Raiiunoe  battery. 

Differential. 


A;  _ci  r  c  u  i  t  a  r  ra  n  g  e  m  e  n  t 
wtjere  a  resistor  gr  rcsiV 
Q^oe  device,  is  connected 
bq«^  ihe^retiy  and  the 
po^tx  unit's  tmtiinal^ 
idoitijies  an  action  within 
a  .drcuii  _wMch  Km  jKirral 
open  contacts,  where  one 
pirt  of  the  circait  has  just 
been  closed. 

Refers  to  _a  condition  in 
^lyt^ch jaiiw  .lowing  in 
the  device;  thus,  it  is  operat- 
ing. 

Signaling  aocomptished  by 
using  alterhatihg  outcnt: 
A  ^it  for  expnasihg  power 
ratiosjn  clearial  circuiii 
Current  in  both  winding 
prevents  the  relay  from 
bpoaiihg  because  of  mag- 
hetjc  oppdsitrbh.  Oh.  the 
P^y^J^^-J^^^^  in  only 
one  winding  causes  the  relay 
to  operate. 


used^^o^implify^circui^  analysis;  they  help  yoa  m 
understand'  the  theory,  and  pripclples  of  a  telephone 
circuit  and  in  trpubleshbpting^  Word  descripliohs  aire 
also  used  with  the  circuit  diagmms  to  increase  your 
understanding.  Dfegraras  that  we  will  describe  are; 
schematic,  wiring,  bfock,  line  and  contact,  and  ball 
and  chain. 

$54.  Given  a  list  of  electr^^^ 
wiring  sclienutic,  identify  nfae  schematic  symbols 
which  repr<»eiit  the  listed  cbmponents.  \ 


6-2.  Electf  iod  Disgrans  and  Symbols 

You  know  that  there  are  ms^y  diagrams  that  can  be 
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Electrical  Symbols.  Symbols  that  represent  mc 
various  clwrlronic  devices  on  electrical  equipment . 
scheiTiatic  diagi^s  often  differ.  Figure  6-1  ^hd\ys 
some  symbols  with  which  you  should  be  familiar. 
Thinking  of  each  symbol  as  ¥  part  of  the  circuit  and 
understanding  Jts  fiinctidn  makes  the  circuit  analysis 
easier:  As  a  result,  you  can  determine,  locate,  aind 
repair  trouble  mdrfe  rapidly.  NOTE:„ A  capacitor  for  a 
circuit  could  be  siiown  with  or  WitHotit  a  curved  line: 
Similarly,  AC  generators  can  be  Tepresented  in  three 
ways. 

Figure  6-2  shows  the  relatibrishijj  of  some  dcvjccs 
in  a  circuit  fqr  one  tclcphohe  intern;  On  this  figure 

fu  can  see  that  the  negative  of  the  battery  (short  line 
the  battery  symbol)  is  corinectoJ  to  the  D  t^fininal 
for  relays  GB,  RE),  and  RT.  In  addition,  contacts  1 ,  2,i 
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figure  6-2:  Simplified  operating  circuit  for  relays  CB.  RD.  and  RT 
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3,  4,  5,  and  6  of  reiay  AB  appear  direcijy^  between 
relay  CB  arid  the  circuit  plate  jack.  This  appearance  is 
j^^}  J^^Pr'^L"RU9"  of  pbsitibn  hJecause  relay 
AB  and  its  contacts  are  posiiksced  on  the  frame  at  the 
side  of  relay  CB  which  is  farthest  from  the  circuit  plate 
ii^D  o'^^^^^^  AB  eduld  be  more 

accurately  illustrated  in  the  position  of  rel^y  RD.  It  is 
riot  a  good  practice  to  memorize  schematic  diagrams 
for  circuits  bc^u^  Ihis^^j^s  qf  illustratioi^  can  be 
misleading  .  Other  symbols  for  figure  6-1  arc 
comparable  to  the  symbols  of  the  circuit,in  figure  6-2. 
For  example:  straight  Hnes  for  cohducibrs,  large  dots 
tha^  represent  wirt^connections,  and  conductors  that 
cross  without  a  conn e^^  ,      .  • 

Schemmtlc  piBffkm^^^^^  is' 
used  most  often:  IQ.  explain  the  circuit  relationships 
t^caiise  it  makes  the  <:ircuiis  easy  to  trace.  The 
schematic  allows  emphasis  ofjhc  impprtarit  features  of 
the  circuit;  Conventional  syml;:^ts  arc  used,  but-tticir  ' 
Position  or  placement  does  hot  heccs^ily  cqrr«pbnd 
to  tht  location  of  the  actual  part  within  the  wyiipmerit. 
Sihce  a  schematicis  not  a  true  picture  of  an  equipment 
citinjiit^  learn  the  principles  of  operation  of  the  dcyic^ 
of  the  circuit  Frequently,  certain  small  groups  of  parts 
form  relatively  simple*  units  within  the  complex 
circuit  For  '  OKample,  a  diagram  ^of  ;  a  corHplctc 
telephone  system  can  be  broken  dbv^'n/^intb  ^ 
transmitter  circuit,  a  receiver  circuit,  a  ringing  circuit, 
relay  circuii^,  arid  several  other  smallcr^^cuiis.  You 
should  learn  to  recognize  these  units  arra  relate  £hem 
to  the  others,  Vou  should  think  of  each  upit  in  terms  of 
L^Jyhciiori  in  the  circuit.  Also,  try  to  visualize  the 
actu£fj  unit  position  in  relation  to  its  position  in  the 
schematic. 

Exercises  (054): 

Using  fipirc  6-2,  c^^^^^    and  label  one  of  each  of  the 
following  components 

L  Relay  cbri  tacts.  ^  , 

-2:  Relay  coil:      '  <  - 

3.  Battery. 

4.  Grdiihd. 

5.  Wires,  connected: 

6-3.  DC  Circuits  -  ^ 

In  order  for  current  to  flow,  rwo  things  are 
essential:  there  must  be  a  source  of  electricai  pressure 
'^^^A'^^?^)  ^"^  ^h^*"^."!^"^^:^  ^  complete  circuit.  The 
source  of  voltage  may  be  a  battery,  a  generator,  or 
some  other  device.  The  complete  circuit  requirement 
means  thaj  there  must  be  a  complete  path  from  the 
negative  terminal  through  the  load  and  back  to  the 
positive  terminal  of  the  source.  The  complete  path 
sW>uld  allow  the  electrons  Jo  flow  freely  to  the  load', 
do  their  work  in  the  load,  and  then  move  freely  back  to 
^^^^:  _s<^"rce  without  Straying  off  into  other  loads  or 
doing  any  unnecessary  work.  However  desirable  this 
Condition  is,  it  cannot  be  completely  achieved  because 
no  Conductor  (wire)  allows  the  electrons  to  move  with 
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cximplete  fi'eedqrri.  There  is  always  some  resistance  to 
the  etgctron  flow:  Ali  conductors  _ have  sortie 
resistance;  just  how  much  they  have  depends  on  the 
^l^*^  ^ri^JeJIgt^i  of  the  as  well  as  on  the 

materials  of  .which  they  are  made^  The_  soUre^  6f 
'    voltage  is  any  device  that  has^in  excess  of  electrons. in 
'  9"*^  P*^^_2Ye_[  trie  riumb^^^  of  electrons  in  ariothcr 
place.  Connecting  ^ the  two,  plac^  by  rn^ns  of  an' 
electrical  circuit,  incjiidlng  resistance,  permits  the  two 
^plac^  t6  try  ib^i^j^iize  the  number  of  electrons. 

055.  State  Ofani's  iaw  algebraically  for^  Voluge, 
corf  em,  aiid  resii^aiice.       .  ^ 

CHiiii*s  Law  and  Dired -Current  Circuits.  Ohm's 
law  is  concern«d  with  three  sep^  .properties: 
•voltage^  cutrenj,  and  resistance:  The  relationship 
t«tw(ecn4hcse  three  prppcrtiw  in  an  el«:trical  circuit 
•  can  be  stated  as:  ^  '  ' 

•  Current   in  ^y  elearical   circuit  is  directly 
proportibnal  to  t)fe  applied  voltage.    .  ' 

^•  Current  in '  arty  electrical  circuit  is  inversely 
proportional  to  the  resistance. 


Mathematically,  it  is  expresscxi  as  I  =.  £^  .  this 

'  •         *    "  R  , 
forrnula,  I  stands  fpr  the  curfeni^  in  am|Kres,  E  for  the 
voltage  in  volts,  and  R  for  the  resistance  in  ohms.  Fqr 
exariiple,  figure  6-3  shows  that  the  source  of  potential 
is  a  6-volt  battery  and  Xht  electrical  device  is.  a  bullj 

having  3  bhriis  of  resistance.  The  current  will  be—  =  2 

amperes.  The  formula  for  Ohm  s  law  can  be  converted 
matheriiatically  to  read  as  follows:  E  =  I  x  R.  By  usc- 
of  this^rmula,  you  can  determine  thc  vo I tagc  across  a 
component  of  a  circuit  if  you  kriow  the  unit's 
resistance  and  the  current  flow  through  it.  For 
example,  if  you  know  that  the  current  through  a  lamp 
is  2  amperes  and  the*  resistance  of  the  lamp  is  3  ohrns, 
then  the  voltage  across  it  must  be  3  x  2.  or  6  volts. 
To  determine  the  resistance  of  a  circuit  component. 


METER 


LAMP 


R  =  3-^ 


the  formula  for  Ohm's  lav*'  can  be  cahverted 

mathemaiically  to  read  R  =^  Suppose  yby^krtdw  (hat- 
-"""l^        _     >^  ,  ^  '  '  ^ 

the  voltage  acfpss  a  lamp  6  volts  and  the  current 
thrbugh.it  isK  amperes.  YbU  can  find  the  lamp's 

resistanciibyvtjie  R  =-j-(or)-|-=r  3  * 

ohms.  Using  these  threc  formulas  enables  yoii  to -find 
any  'oric  'of  three  q^iaritities-^volpige,  current,  or 
ri^istartce--when  the  other 'two  of; 'the  factors- aj-e 
knpwn,  regardless  of  whether  the  circuit  i^  ji  series, 
parallel,  or  scries- parallel  circuit.  ■  - 


(2j  The  total  curririi(lT:>.  : 
^  .  (3)  The  resistance  of  each  anit  and  the.  total 
rdslstatice  (Ri .  R2,  R3.  and  Rj). 
.  •  Solution.  ^  .  ' 

'  (ij  U^ing  the  formula  E-f  —  E|  4- E2  + E3 


(5)  Using  jhe  formula  I  =  . 


=  Ir  =  Sv_=  ZampcS-cs 


L    State  Qfim'sJlaw  algebraically  for  voltage,  Stirreht; 
^  and  resistance.  >  ,  ^ 


Since  the  .cnjLFTem  is  the  samfe  throughout  a  series 
circiiit,  IR2  and  IR3  are  also  2  .am^res'.  ' 

(3)  Using  the  formula  Rj  ^  ^ 


d56^!Glveii  SA^h^m^  diagrams  of  Utl  series- 
^^firallel ,  circilits '  aiid  sufficient  valiM»^  j^lve  for 
unknown  Values  of  volmge,  currentf  and /or 
resistance.  '    v    ^       *  , 

^Series  Circuits^YA  series  circuit ^is  one  in  \viiich' 
^  tfierc  is  o!nIy  oHe. path  through  which  thfc  ciirrei\t  can 
flow.  In  rigure;6-4,  three  riisistahces^  are 
conn«:ied  to  form  a  series  circuit.  Since  *there  is  but 
one  path  for  the  current,  a^ll  of  the  current  f>asses' 
through  each  r«isi4nce  and  the  cufrerit  is  the  same 
throughout  the  entire  circuit.  The  total  voltage  drop  jn 
the  scries  circuit  is  equal  id  the  sum  of  the  vbltagfes 
(voltage  drops)  across  the  individual  resistors,  or 
Et=Ei -f  E2-f  E3,  etc.  The  total  resistance  of  the 
circuit  is  equal  to  the  sum  of  the  resistances  of  the 
mdisjdual  units:  Rj=R|  -f  R2+'^3'  ^^J^-Jf 
devices  in  a  series. circuit  bums  out,  there  is  na  longer 
a  complete  path  for  the  ciirrcrit;  therefore,  the  other 
devices  in  the  circuit  will  not  operate: 

Probi^mi  In  figure  6-4,  three  resistances  are 
connected  in  series  across  a  24-vott^power  source.  The 
voltages  ahd  currents  were  measured  and  found  to  be 
as '  indicated  in  the  iliustration:  Find  :  r 
/''(I)  The  total  voltage  dr6p  (Ej). 


Rj  «4  /\ 

-VVV- 
Ej  =8  V 


24  VQLTS 
DC  BATTERY 


Rv  = 


It 

i>L^  4  ohnis 
2a  .  ,. 

i2v  ^  6  ohms 
2a..  : 


;R3    =  ^ 

2a 


2  ohms 


(4)  :Now,'  using  the  formula  Rt:=B^>;^R2+Rj* 
etc.,  we  find  thk.  :  ^  * 


=  an^Hh  6ii'v4.  2n  =  12  ohms  (or)  R^      ^  , 

*       >  •  ^  iiy  =  12  ohms  ■ 

2a 

Parallel  Circuits.  In  a  parallel  circuit,  two  or  more 
electrical  devices  provide  independent  paths  through 
which  the  current  may  flow.  The  voltage  across  each 
device  so  connected  in  parallel  is  the  same  (fig.  6-5), 
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F  igure  6-4:  Scries  clrcuii 


Figure  6-5    Parallel  circuit. 
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R.  =  12  OHMS 


R2  =4  OHMS 


R3  =  6  OHMS 


R(l  AND  2) 
=  3  OHMfS 


R3=6  OHMS 
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Figure  6-6.  Solving  parallel  circuit. 


or  Et=Ej  -f  E2H-E3,  etc.  The  total  currcm  in  a 
parallel  circuit  is  equal  to  the  stim  of  individual 
currents  /lowing^  through  the  parajlcl-connectcd 
devices:  in  figure  6-5, 14  is  summed  with  I2,  or  Ij  =  Ii 
+  I2,  etc.  The  greater  the  ntimfei^pf  electr^ 
or  resistors  oonnectKl  in  paralici  in  agivcn  circuit,  the 
p-cater  will  be  the  total  current  and  the |p«illcr  will  be 
the  total  r«istahce  of  the  circuit.  Electrioil  dcvic^ 
connected  in  jaraljei  in  any  instaUation  in  order  to 
allow  the  units  to  operate  independently  of  each  other. 

There  are  several  ways  to  calculate  the  total 
resistance  of  a  pfflraller  circuit.  We  shall  show  the 
simpler  way  first,  and  then  give  you  the  general  rule. 

To  calculate  the  tbul  rjis^ 
tise  the  following  formula  and  solve  for  the  equivalent 
riKistanoe  of  only  twg^  paths  at  a  time. 


Rt 


(3)  Then,  combining  R(|  and  2)       ^3^  you  have 


R3 


3  -f  6  ohitls 


=  18  ohms^a=  2  ohms 
^  ohms 


Notice  that  the  equivalent^  r«ista^  of  parallel 
branches  is  always  less  than  the  smallest  branch 

resistance.  

The  general  formula  for  finding  the  total  resistance 
in  a  parallel  circuit  is 


Rt  = 


1^  i:  ± 
R|  R2  R3 


Prohlan.  In  figure  6^6,  thiw  Jbad  units  are 
connected  iil  parallel.  Using  the  resistance  values 
indicated,  find  the  total  resistance.  { 

Soliaion,   :  

(1)  Using  the  formula  for  the  first  two  paths 


R<u 


_    12  X  4  ohms    =  4^€^hms  =  3  ohms 


12 


4  ohms 


16  ohms 


(2)  Since  3  ohms  is  the  equivalent  resistance  of  the 
first  two  paths^  you  may  substitute  a  3-ohm  resistor  for 
them  and,  adding  the  6-ohin  reistbr  of  the  third  path, 
redraw  the  circuit  as  shown  at  the  ri^t  in  the 
illustration  (fig.  6-6). 


"ZT"  24y  DJC. 
"  BATTERY 


Rt  r- 


R  J  =  200^ 
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Figure  6*7.  Identical  parallel  reststinoes: 


Now,  using  the  fbllbwihg  formula;  the  total 
resistance  can  be  computed  as 


Rt 





12       4  6 


i  12 


fx  »^ 
1  6 


12 


12  = 

6  - 


1  ohms 


found  to  be  as  indicated;  Find  the  cirrrent  through  the 
various  parts  of  the  circuit. 

Sdlunoh.  «K 

(1)  Since  the  resistance  of  each  laffip  is  4  ohms, 

.     _  J.  1  _  _     .  .  n 

usmg  the  formula,  R j  =  ii- ,  the  equivalent  resistance 

 1   .  N  . 

of  the  four  lamjw  in  parallel  is  computed  as 


Rt  =  =  1  ohm 


1  ^b^D  l*l^J9§^  uniU  tjiat  are  cprihected  in  parallel 
all  have  the  same  resistance  value  (fig.  6-7),  the 
previous  equation  may  be  simplified  to  read 


or 


resistance  of  one  unit 
number  of  like  units 


Rt  = 

N 


;  (2)  Substituting  a  I  -ohm  rcsisidr  for  the  four  lamps 
and  using  the  formula  Rj  ==  Ri  -f  R2,  you  will  find 
the  total  resistance  of  the  circuit  is 


Rt  =  5  +  1  =  6  ohms 


(3)  Now,  using  the  formula  I  =  1_  ,  you  can 
compute  the  total  current  m  the  circuit 


SerIc9-PkinU[lej  Circuits.  As  shown  in  figure  6-8,  in 
a  series-parallel  circuit,  some  of  the  units  are 
connected  in  scri«  with  each  other,  while  other  11^^^ 
are  connected  in  parallel  To  solve  a  series- paral let 
prp^^^'fl?.  first  cphycrt  it  to  a  scries  circuit  by 
sabsdtuting  an  equivalent  rsisance  for  the  parallel 
resistances;  then  solve  the  scries  circuit  problem  as 
expjainie^  pfcvibusly. 

Probion.  In  the  illustration  of  the  scriK-f»raliel 
circuit  (fig.  6-8),  a  rwistor  is  connected  in  scn«  with 
four  lamps  which  arc  cdnhected  in  parallel  with  each 
other.  The  voltages  and  resistances  were  measured  and 


I  =  ^  vol^  =  4  amperes 
6  ohms 


___(?_)  Since  the  total  ciirreht  miwt  flow  through  the 
scriw  r^istor,  the  current  flow  through  it  must  bt  4 
amperes. 

(5)  Since  the  total  of  the  currents  flowing  through 
the  four  lamps  is  4_amj)eres  and  since  thcy^ll  have  the 
same  value  of  resistance,  the  current  must  divide 
evenly  among  the  lam|»  and  is  therefore,  found  to  be  1 
ampere  through  eachMamp  circuit. 


R  =  5  OHMS 

-^WV  


—      24  V  D.C 


R  =  4  OHMS 


4  OHMS       R  =  4  OHMS       R  =  4  OHMS 


Figure  6-8.  Series-parallei  circuit. 
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Es^ercises 

Using  the  schematic  drawing  and  ^lues  given,  solve 
for  tinknown  values  of  voltage,  current,  and  resistance. 

1.  Figure  6-3;  I  =  4  amps,  R  =  20  ofhms,  E  = 


2.  Figure  6-5;  Ej  =^  24  volts,  Ij  —  6  amps,  Rj  = 

—  ,  ii  =  4. amps,     =  -       - ,  Rj  4-  R2  = 

.  lamp  -4^  R3  =  . 


3.  Figure  6-8;  Ej  ^  1 00  volts.  If  =  .  »  = 

.30  ohms,  Ij  =  2.5  amjM^^    ,  I2  =  1  5 

amps,  L3  =  100  ohms,     =  :  ,  L4  =--^  , 

I4  ==  .25  amps,  Rj  ==  . 


4.  Figure  6-4;  Et  =  24 v,  Ej  =  2  volts,  R2  =  6 
^hms.  It  ==  5  amp. 

^  E2 
E3 


5.  FigUfc  6-6;  Ej  =  30v,  I,  =  1.5  amps,  R2  =  3^ 
ohms,  ix  =  3ctmp*^ 


6-4.  Principles  of  AC 

The  main  source  of  electrical  power  used 
thrpughout  Jhe  world;  is_  the  a Ucrn at ihj- current 
^nerator.  The  principle  reason  for  this  is  that  less 
power  is  lost  in  transmitting  alternating  current  at  high 
voltage  and  Idw^ttcnt  than  in  jransmitting  direct 
current  of  comf^rable  power.  Alternating  voluige  can 
be  svepptd  down  to  a  suitable  value  at  the  user^s  end  of 
the  line.   j 

Remember  that  in  a  DC  circuit,  currem  moves  in 
one  direction:  Irom  the  h<^tive  terminal  of  the  source 
throu^  the  cir^it  to  the  positive  terminal:  In  AC 
circuits,  the  current  moves  first  in  one  direction  and 
then  in  the  pppbsite  direction;  this  is  where  we  g«^ 
term  "alternating."  For  our  first  discussion,  let's  get  an 
understanding  of  how  AC  is  generated. 


23 

P?^,  Given  cltHer  the  frequency,  period,  or 
wavelength  of  a  sine  wave,  compute  the  other  values. 

Gif^ratioif  of  AC.  You  should  remember  from 
your  3-IeveI  resident  course  that  there  are  three  factors 
hec^^ry  to  generate  a  voltage:  a  magnetic  ficld> 
conductors,  and  relative  motion  between  the  field  and 
the  conductors.  AU  mechanical^enerators  are 
appilicatibhs  of  this  principle.  Oh  the  DC  geherator  the 
output  is  taken  off  through  an  arrangement  of  brushes 
on  va  commutator.  This  arrangcmcht  provides  for 
current  always  leayihg  the  geherator  through  t^he  same 
brushes.  If  the  output  of  a  DC  generator  were  viewed 
on'^n  oscilloscope,  it  would  appNcar  as  ah  almost 
straight  line.  

An  AC  generator  operate  basically  the  same  way  as 
docs  a  DC  generator,  llic  exception  is  that  instead  of  a 
cbrhinutatbr,  the  AC  Jcricrator  (j^ltcTnator)  has 
sliprin^  on  which  the  brushes  ride  and  connect  to  an 
external  _  circuit.  With  a  slipririg  arrahgemeht,  the 
current  from  the  rotor  wiH  go  out  qne^t  of  brushes 
for  a  period  of  time  and  tfiea  out  the  opposite  set  of 
brushes  for  ah  equal  period  of  time.  If  the  output  of  & 
simple  a  1  tenia  tor  w^^  ftn  c«cilloscope,  the 

output  would  appear  as  shown  in  figure  6-9. 

Cj^fe.  The  ougsiit  from  zero  to  maximum  and  back 
to  zero  in  one  direction  is  termed  an  alternation.  Two 
alternations^  one  in  each  directibri,  are  referred  to  as 
9PA  cycle.  The  number  of  cycles  per  second  (cps)  is 
referred  to  as  the  frequency.  You  should  remember 
also  that  cycles  per  second  air  referred  to  as  Hertz 
(Hz)^ 

/imp/irwi/<?.  This  term  expresses  the  maximum 
aunbunt  an  AC  vo^  above  or  below  a 

reference  value:  (S«  fig.  6-9.) 

Period.  The  time  required  tb  complete  J  cycle  of 
voltage  of  current  variation  is  the  period.  If  it  takes  1 
second,  as  is  indicated  in  figure  6*9,  to  generate  1 


-  PERIOD-  

-  CYCLE  ■ 

ONE  SECOND 
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Figure  6-9.  Alternator  output  waveshape. 


cycle  of  ihc  sine  wave  voitagc;  the  period  Is  i  second. 
The  cbmmoh  symbol  used  lo  represent  the  pcrlad  is  T. 
1^^^^  in  1 

second  of  time  is  calied  the  frequency,  and  it  is 
denoted  by  the  symbol  f.  The  relationship  between  the 
period  (T)^ahd  the  frequency  (0,  from  the  defmiiions, 
can  be  stated  as: 


T 


or 


T  =  L 
f 


If  the  period  of  1  cycle  is  O.l  5Ccorid,  the  frequency  is 
10  cps  or  10  Hz^  Likewise,  if  a  million  Hz  voltage  is 
applied  to  a  circuit,  the  cycle  is  completed  in  one- 
millionth  of  a  second: 


wavelength  or  period  is  known,  you  can  find  the 
frequency  by  dividing  the  wavelength  into  jthree 
hundred  million  or  the  period  into  one  second.  If  the 
frequency  Is  known;  you  can  find  the  waveiength  by 
dividing  three  hundred  million  by  the  frequency. 


wavelength  = 


pr  you  can  find  the  period  by  dividing  one  second  (or 
1,000,000  microseconds)  by  the  frequency.  If  you 
know  the  wavelength,  you  can  Tind  the  period  by 
dividing  the  wavelength  by  three  hundred  million. 

Exercises  (057H 

'^Al^g^  ^hc  formulas  in  this  segment,  compute  the 
unknown  vftlaes.' 

I .  f  =  50  hertz;  T  =  20  milliseconds,  wavelength  ^ 


T  =  0.000001  or  I  X  10 

iVavelength.  In  electronics,  thctcrtti  "wavelength"  is 
defined  as  the  number  oJF  meters  an_electrom£^etic 
wave  travels  in  the  time  of  one  cycle.  One  meter  equals 
39^:37  inchs.  .  - 

There  is  a  definite  relationship  bctweeiv  wavelength, 
f!:'^^^"5y?_^l^  ^J^^_5*^r[cHi  d^^^  can^  find 

the  iiipe  periodJf  you,  know  euner  the  wavelength  or 
the  froqiicricy.  Figure  6-10  shows  the  relationship  of 
these  three  units  of  measure. 

As  you  oin  see,  figure  6- 1 0  shows  sine  vv^ves  of  AC 
with  a  frn^ueiicy  of  five  cj^Lk  in  one  s«»nd.  The 
I*J1p^_oX  one  J^c^  is  one-fifth  of  a  s<^ 
that  the  relationship  of  the  waveiength  to  the  distance 
traveled  m  one  s^x>nd  is  the  same  as  the  relationship 
of  the  period  to  one  s^nd.  

The  important- thing  to  remember  is  that  if  either 
the  wavelength,  frequency,  or  period  of  ah;  AC  is 
known,  you  can  find  the  other  two.  If  either  the 


2.  f  = 


T  =  250  rhicroscconds. 


wavelength  = 


3.  f  _= 


T  =. 


60  meters. 


,  wavelength 


4.  f  =  50  kHz;  T  = 


,  waveiength  = 


5.  f  = 


T  = 


,  wavelength  750 


meters. 


-1  SECOND- 
'S CYCLES - 


1^5  SEC 


BCOOO.OOC 
fHtTCn 


PERIOD 


WAVELENCtH 


300.000.000  METERS 


Figure  6-10:  Reiation  of  wavelength,  frequency,  and  period. 


6.  f  =  . 


T  =  4  milliseconds,  wavelength  = 


6*5.  Operation  of  Ractiye  CircoiA  ^ 

Many  of  the  circuits  in  our  switching  equipment 
^PA^Iq  J^^cUvc  cqmpbncnts,  su^^  ^.^P^citprs  ahd 
induaors  (relay  coits  and  transformers):  The  cable 
pairs  connect^  to  our  distributing  frame  have  a 
.ccrtajn  autiount  of  ^picUanc*^  and^inducl^^   

These  reactive  components  and  properties  affea 
our  circuits  in  one  way  or  another.  Let's  briefly  discuss 
reactive  components  and  how  they  affect  a  circuit. 
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05&  State  the  eltt^of  each  variable  oh  ibe  ambiiht 
and  iuifle  of  current  iii  a  series  RL  circuit  ivitli  an 
^  voltage  applied. 

Indiictaiice.  In  the  analysis  of  rj^Jisuve  circUi^^^ 
deposition  to  eloctri^l  current  is  termed  reistancc. 
The  current  in  a  coil  may  be  compared  to  an  object  in 
mbtiph,  such  as  ah  automobile,  which  is  rm 
wind  r^istance  and  by  friction  between  the  tires  and 
the  surface  of  the  road.  With  a  constant  voltage 
applied,  current  through  a  cdi  I  is  limital  only  by  the 
resistance  of  the  coil  wire:  If,  however,  the  current 
through:  a  coil  is  interrupted  suddenly!  bpching  a 
sS^ntch,  for  instancy  a  considerable  spark  wiji  jump  the 
contacts  of  the  switch  as  it  opens.  This  sfMurk  occurs 
because  of  the  fact  that  when  DC  ws^  applied  to  the 
coil  a  ma^etic  field  was^cycloped.  When  the  field  is 
building  the  lines  of  magnetic  force,  cutting  the 
conductors  of  the  coil  generates  a  counter 
elertrbmbiive  force  in  the  coil  in  opposition  to  the 
applied  voltage.  When  the  circuit  is  opened,  the 
magnetic  field  collapses  acroMjhe  coil  and 
surge  of  voltage  with  a  polarity  that  aids  the  applied 
vol^e. 

When  ah  alternating  curfcrit  flbw^^^ 
wire,  it  sets  up  ^n  expanding  and  cojiapsing  magnetic 
field  about  the  coil.  The  expanding  and  collapsing 
magnetic  field  induces  a  voltage  w^^ 
proper:  This  r^ults  in  the  self-induced  voltage  tending 
to  keep  a  current  moving  when  the  applied  vdluigc  is 
decr^^iiig  and  to  pppdsc  a  curretit  when  the  applied 
voltage  is  increasing:  This  property  of  a  coil  which 
oppos^  any  change  in  the  current  flowing  through  it  is 
tcnricd  inducwncc^  ^  

From  the  fact  that  a  coil  in  a  circuit  opposes  any 
change  in  current,  you  can  reason  that_  maximum 
qif rent  through  the  odII  will  occur  sometime  after  the 
applied  AC  reaches  maximum  potential.  As  the 
applied  voltage  is  ihcreasirig,  the  coirs  indjic*d  vqltagc 
is  qppcwinj  xhc  applied  voltage:  As  the  applied  veitage  ^ 
aiterhation  is  decreasing,  the  coil's  induced  voltagCyis 
such  that  it  is  aiding  the  appli^  voltage.  This  reaction  / 
15^  th^  coil  causes  the  current  in  an  inductive  circuit  to 
iagahe  voltage.^  _ 

The  ihductancJe  of  a  coi[is  measuriKl  in  henrys,  and 
the  J^bqi  for  inductances  is  b.  In  any  coil,  the 
inductance  depends  on  several  factors:  the  number  of 
turns  of  wire  ir[  the  a)il,  the  cross-sectional  area  of  the 
coil,  and  the  material  in  the  center  of  the  coil  or  the 
core.  A  core  of  magnetic  material  greatly  inci^^^ 
inductance  of  the  coil.  S'ememijcr,  however,  that  even 
a  straight  wire  has  inductance,  small  though  it  may  be 
when  compared  .to  that  of  a  coil.  All  AC  motors, 
fcjays,  transformers,  and  the  like  contribute 
inductance  to  a  circuit. 

To  calculate  the  tbml  inductance  of  coils  connected 
in  series  you  use  the  formula: 


To  calculate  the  total  inductance  of  coils  connected 
in  paraiiei  you  use  the  formula: 

t,  L2  L3 


liHiiiciive  Reactance.  TTie  bppdsijidn  to  current 
which  inductance  caus«  in  an  AC  circuit  is  called 
inductive  reactance.  Inductive  reactance  is  measured 
in  ohms  arid  is  represented  by^^c  g^  any 
circuit  in  which  there  is  resistmce  only.  Ohm's  law 
expresses  tbe  relationship  betweeri  vdliagc  and 
current.  Similarly,  whcri  there  is  induoancc^^ 
AC  circuit,  the  relationship  between  voltage  and 
curretit  can  be  expressed  a  modification  of  the 
equatidn  as 

 voiuge  E 

Curreni  =   —  »  =  ^ 

induaive  reactance 

The  grater  the  inductance  of  a  coil,  the^rcatef  will  be 
the  apposition  to  charige  of  current.  Also,  the  higher 
the  frequency,  the  grMiter  the  reactance:  since  the 
greater  the  rate  of  current  changCv^lhe  more  opposition 
the  coil  offers  to  the  change.  Ttercf ore,  inductive 
reactance  is  proportional  to  th%  inductance  and 
frequency,  or  ^ 

XL  =  2»XfXL 

:  _  _      ^  _ 

In  this  equatjon,  f  is  the  frequency  in  hertz,  L  is  the 
inductance  in  henrys^  an(|2y  is  a  coristant  equal  id 
6.28  which  remains  the  sjame  r^rdlcs  of  Changs  i^ 
the  other  factors  involved:  in  a  circuit  containing  both 
resistance  and  inductive  rcactarice,  you  do  not 
determine  total  dppositjdn  td  current  by  merely 
adding  Xl  to  R  arithmetically.  This  must  be  done 
vectorial  ly  because  the  phase  angle  between  the 
currerit  and  vpi^c  diflferent  in  each  type  ^  of 
component  in  an  AC  circuit.  The  vectorial  addition 
can  be  done  graphically,  by  the  use  of  I^^hagdrsin 
theorem,  dr  tfigdnomcirically.  T\\e  multant  value  is  a 
combination  of  two  different  types  of  opposition  and 
cannot  truly  be  called  resistaricc  dr  _rcactan<^. 
cdmbiric^  opposition  to  current  in  an  AC  circuit  is 
termed  impedance  and  is  represented  iri  electrical 
formulas  by  the  letter  Z,  If  the  total  ctirrcnt. in  an  AC 
circuit  is  kndwn,  you  may  find  the  total  opposition  by 

iisirig  the  formula  Z  ^-y  . 

Exercis^  (058): 

1 .  Name  the  two  factors  that  affect  the  value  of  Xl- 


t,  =  t,       L:  +  Ly.dc. 


2k.  . 

2.  wri8t  happens  to  the  value  of  X^,  if  the  fr«)uency 
of  kppiied  AC  is  increased? 


^'  Wtet  haf^hs ^t^^^  if  the 

frequency  of  the  applied  voltage  is  lowered? 


POWER 
1=1  SOURCE 

T  


SWITCH 


B  -I-  -h 


EG-010A 


happens  to  AC  current  through  a  coil,  if  b 
fd  coil  is  added  in  series  with  it?  } 


\ 


5.  What  happens  t6  total  dirrent  in  an  inductive 
circuit,  if  another  coH  is  ad^ed  in  paraU^? 


6.  If  the  value  of  R  in  a  series^RL  eircuit  is  incr<»[$«l, 
what  happens  to  the  angle  between  total  current 
and  applied  voltage? 


7:  What  happens  to  the  amount  of  current  in  a  series 
RL  circuit  when 
a.  R  is  increased? 


b.  t  is  increased? 


c  f  is  increased? 


State  tlie  dStct  of  each  TariaUe  on  the  aaiount 
MSlAP^  cnitcnt  inXI^     RC  circoit  wiih  an 
A€  vott^  *P|^J^  J""'  ^^^^  how  frcqocBcy  dm  be 
changed  for  certain  eSects. 

Capacitance. J^nodier  important  ptoperQr  of  AC 
circuits,  besides  resistance:  and  inductance,  is 
Aiiy  two  i^nductqrs  sepamted  by.  a 
nonconductor  form  a  capacitor.  In  an  eiecQiral 
circuit,  a  capacitor  serves  as  a  storage  pUux  for 
el^tricity.  When  you  <X)nn<xt  a  o^citor  acr^  a 
source  of  dirqpf  current,  such  a&  the  batter]^  indicated 
in  figure  6-11,  and  clc»e  the  switch,  plate  B  becomes 
posidvely  chargKi  and  plate  A  blames  negatively 
charged.  There  is  current  in  the  external  ctrcuitdttring 
iht  time  the  electrons  are'  moving  frxm  plate  B  to  A. 
The  oirrent  in  the  circuit  is  maximutn  at  the  insmnt 
you  close  the  switch  and  it  continually  decreases  until 
it  reaches  zero. 


Figure  6«i  i .  Capacitor  in  a  DC  circuit. 

f 

  -  .    -  -  ■  -  » 

tjie  current  decreases  to^zero^hen  the^fferende 
ill  voltage  between  plates  A  and  B  becomes  wie  same  as 
thej^itagc  of  the  charging  source  (t^ttciy)^  If  jrou 
open  the  switch,  the  plates  will  remain  charged. 
Hpwcwr,  when  the  capacitor  is  short-circuited,  it 
quickly  discharges:  The  amount  of  cicctncity  a 
capacitor  store  depe^  on  its  plate  krea,  the 
^jstanos  between  the  plates,  and  the  materi^ih  the 
dielectric  (the  insulauon  between  the  piatiesl  The 
capacity  Js  *  directly  proportional  to  the  diltance 
between  the  platiss. 
__^t§Jpyrcc  pf^lt^™  i|  substituted  for 

the  battery,  the  caf»citor  acts  quite  differently  from 
the  way  it  acts  with  direct  current.  When  ah  alternating 
cumsnt  is  jmpnM  on  the  circuit,  the  charge  oh  the 
plates  constantly  chailges:  This  means  electrons  must 
first  flow  from  Y  (ill  the  diagmih  in  fig.  6- 12) 
^L^^i|^  ^o  X,  tlHsn  from  X  coUnt^lMXte^kwi^ 

around  to  Y,  then  clockwise  from  Y  around  to  X,  and 
so  oh.  Although  there  is  ho  current  through  the 

constantly  in  the  remainder  of  the  circuit  between  X 
arid  Y.  In  a  circuit  where  there  is  only  capici(arice, 
the  current  Ic^ds  the  applied  ^Itage,  as  contrastod 
with  a  circuit  in  which  there  is  oniy^  inductance,  where 
the  .c^Srerit  lags  the  voltage.  Figure  6*13  sh^Dws  the 
relationship  of  xbxsc  conditions. 

CapocioncK  is  symbolized  by  the  letter  C.  The  unit 
of  measurementlor  cai^citanceis  theiarad,  for  which 
the  symbbj  is  f .  The  fcwi  Js  tck)  l|u^  for  practical  use, 
and  the  units  more  generally  used  are  the  microfarad 
(mf),  oiie-mi llionth  of  a  farad,  and  the 
micromicrofarad  (mmO,  one-millionth  part  of  a 
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Figure  6-12.  Capacitor  in  an  AC  circuit. 
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B. 


CURRENT  AND  VOLTAGE 
IN  PHASE 


EFFEC"h0F  iNDUCTANeE 


EFFECT  OF  CAPACITANCE 

EG-001 


Figure '6-1 3.  Current  and  voluge  phase  relationt. 


micro f a r  a d .  To  s h d  r t  c n  e  I j  * " J?  _^ ^  ? 
micromicrofarad,  most  cicctronic5  pcMohncI  arc 
b<^nhing  to  Msc  the  term  **picpfarad"  (pf)^^_ _  __  _  ^ 
in  order  to  obtain  d^jred^iilues  of  capacitance  in  a 
circuit,  oipacitors  are  frequently  connected  in  parallel 
and  sometime  in  scries  with  each  bihcr  Physiol ly, 
cagwcuOTS  rna^  ^pj^os^  ^^^'tc  ciose  together  without 
affecting  ^h  other  to  any  gr^t  extent.  If  mbre 
caf^citahce  is  d^ireti  than  is  available  in  one  sii^^^^ 
capacitor,  ^>^ral  units  may  be  connected  together  in 
peraiiei:  When  this  is  done,  the  total  capacitance  of  the 
cbmbihatiori  will  be  the  sum  oT  the  indiyid^ 

when  connected  in  series, 
wiii  have  a  total  capacitance  that  is  less  than  that  of  the 
small^  capacitor  ih  ihc  s^ies  co^^^ 
^pacitande  for  a  combination  of  capacitors  in  series 
mi  be  computed  by  the  equation 


     __  _  _g_ 

the  reactance  (opposition);  and  the  greater  the 
frequency,  the  1<^  the  reactonM.  Hcri^^^^  the  equation 
for  capacitive  refttancc  is  expressed  as 


2r  X  f  XC 


to  find  ag^in,  as  in  RL  circuits,  total  opj^sitidn  is  a 
RC  circuit  reactance  and  resistance  must  be  combined 
vcctdrially.  ,^ 


Exercises  (059>: 

1.  Is  current  leading. 


lagging,  or  in  phase  with 
voltage,  when  AC  is  applied  to  a  capacitor? 


C,C 


1^2 


C,  +  C: 


jCsJi^^^l^.^^^*^.^^^^^-  Capacitance,  like 
inductance,  offers  opposition  to  AC  This  bppbsitidh 
iSL  ailled_ capacitive  r<»ctahcc,  iJid  it  is  m^aaured  in 
ohms.  The  ^mbdi  for  caipacitive  reactance  is  Xg. 
Ohm's  law  cbox  now  be  modified  to  read 


Current  = 


voltage 


capacitive  readance 


or!  = 


which  is  similar  to  the  equaudri  fdf  cui^^^  in  an 
inductive  circLiit.  The  v^iue  of  capacitive  reactance 
depends  on  the  capacitance  and  the  frequency  of  the 
applied  voltage;  it  varies  jhvcrse^  the 
aipacitance  and  the  fregpency.  In  a  circuit  containing 
only  capacitance,  the  greater  the  capacitance,  the  less 


2.  How  shduld  the  froquency  of  applied  AC  be 
changed  to  cause  increased  current  in  a  purely 
capacitive  circuit? 


3.  What  is  the  effect  on  total  opposition  to  AG  in  a 
capacitive  circuit,  if  another  capacitor  is  added  in 
parallel? 


4.  If  tljc  frKjuency  of  AC  applied  to  a  scries  RC 
circuit  is  increas«i,  what  happens  to  value  of 

a.  R? 

b.  Xc? 

c.  Z? 
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Nat  happens  to  the  angle  between  applied 
vpjtagc  and  total  cu^  RC  circuit,  if 

the  vaiueof  R  is  incr^i^edt^'t  •  ; 


6.  What  happens  to  the  amount  of  current  in  a  series 
Recurrent  when 

a.  C  is  increased?  ^  • 

b.  f  is  increased? 


mnctples  of  S^id  Slate  Dev Ices 

The .  use  of  semiconductor  rectifiers  in  power 
i^siipplies  for  electronic  tt)uipmeht  is  increasing.  Their 
)ad%^ntages_are:  immediate  opM»ation^v^thom 
warmup  time,  low  internal  voltiqge  drop  substantially 
ihdepehdeht  vof  load  current^  low  pperating 
temperature,  small  physical  sizc^_Fofmcrjy, 
metallic  oiLdry^disc  rectifiers,  such  as  copper-oxide, 
copper-siilfide,  and  selenium  rectifiers,  were  used 
primarily  in  Ipw-voltagejppli^Uons  and  were  limhcd 
in  use  to  the  lower  frequencies  (25  to  800  hem). 
Additional  design  improvements  have  allowed  these 
rectifiers  to  be  toed  with  higher  input  vologes,  and 
today  ihcy  are  widely  us^  as  power  rectifiers.  Thes 
Sewer  ^iljcq^-type  rectin^  is  now  used  in  many 
powcr-suppiy  circuia  wlicrc  other  types  were  formerly 
used.  The  sihall  physical  size  of  semiconductor 
r^yficrs.  cspcciallj^  the  silicon^  types,  makes  it 
practical  to  place^thes^  units  in  seria  to  handle  high 
input  vdltag». 

06a«  Describe  the  effects  of  appiyi^  D€  and  AC 
vbltafes  to  PN  Jiinctipm,  and  name  the  m^fbrity 
ooTier  in  the  N  and  P  types  of  seinicdiiduct«>r 
material.  " 

1^  JmictioiEi.  In  the  3-iev^l  resident  cour^  yoji 
'  learned  that  in  the  manufacture  of  solkl  state  devices 
l^flpyriui^ jwit  abided  to  caufe  tfe-inatefial  fo  be 
either  P-typp  or  N-typc;  In  the  N-typc  of  material,  the 
electrons  are  the  iruyonty  carriera,  and,  in  the. P- type 
of^materiaK  tte  hbles  are  the  majbn^  camm.  In  ^h 
types  of  materiaJs,  current  in  the  external  pircuit 
consists  of  electrons  moving  out  of  the  n<^tive 
L'^A^^LofJl^*^^^^  cfystal-and  into  the 

positive  terminal  of  the  battery. 

A  semicohductpr  diode  is  manufactured  by  a 
chemj^l  procies^  ^cre  donor  impun 
one  region  of  a  crystal  and.  acceptor  imparities  are 
added  to  the  other  section  ^  the.rcry^l.  This  gives  a 
single  ^TStal^with  an  N  section  and  a  P  s^nion.  The 
aroi  whep^he  N  and  P  section  are  joined  is  called  a 
junction ,  The  result  is  a  PN  ji unction  or  junction 
diode.  Metallic  contacts  are  t)onded  to  the  two  ends  of 
the  crystal  to  form  a  circuit  connection  to  the  crystal: 


-  The  polarity  of  the  voltage  appiied  to  a  PN  diode 
will  determine  whether  or  not  the  diode  will  conduct; 
If  the  negativi  terminal  of  the  battery  is  connected  to 
tht  N  material  and  the  positive  tcnninai  is  connected 
to  the  P  material,  the  diode  is  considered  to  be 
^^M'^d  biased.  Wjth  this  coriditibh  maximum  cujffent 
will  flow  through  the  diq^  If  the  power  supply  leads 
to  the  diode  are  rcycrsaii  the  diode  is  considered  to  be 
_^J^^^  biased,  a 

negiigibJe  amount  of  current  will  flow: 

Rectifiers.  A  diode  placod  in  an  AC  circuit  is 
alternately  fonvai^  bias«i  and  reverse  biased.  Since 
current  flows  moi)e  readily  iaone  direction  than  the 
other,  the  dic^^        as  a  rectifier, 

IMf-wave  reaifi^.  The  single- phase,  half- wave 
rectifier  is  the  simplest  type  of  rectifier  circuit:  It 
conwsts  of  a  sc^^  series  with  the 

alternating  source  and  the  ioa<l.  Since  the  rectifier 
conducts  in  only  one  dircfction,  electrons  flow  through 
the  load  and  through  the  rectifier  only  once  during 
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Figure  6-14:  Hs^wave  rectifier  circuit 
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figure  6*1  S.  Fall-wive  rectiner  circuit. . 


c^ch  complete  ^l^^  thfe  impi^ij<xi  voltage.  Tbus> 
the  electron  flow  throti£^  the  load  Qflprs  in  puis^, 
one  pulse  for^eveiy  other  half  cycle  Mthe  impressed 
vdltsgc.  _  _    •  z_ 

The  operation  of  the  half-wave  rectifier  circuit  cap 
be  uhderstcKKi  from  the  simplified  circuits  slKiwn  iit 
jStfts  A  and  B  of  figure  6- 14  and  the  vs^veforms  showii 
in  part  €  of  the  figure.  Assume  that  the  AC  voltage 
applied  to  the  input  tcnnihals  diinhg  the^ 
gcle  has  the  polarity  indicated  in  A:  Electrons  flow  in 
thciiireciti^  indicated  by  the  small  arrows;  their  path 
is  from  the  negative  teminal»  th^ 
through  rwtificr  CR»  ami  to  the  positive  terminal. 
ThuSt  during  the  initial  half  cycle,  diode  CR  passes 
iptim  currcn t  J  n  the  fprvwd  d inart ion »  and 
deveiofx  a  corresponding  output-voltage  fKilse,  as 
showrh  in  j»rt  C  of  the  figtirc. 

During;  the  next  half  cycle,  this  pojariQ^  of  the 
applied  AC  Is  shown  in  part  B  of  the  figure:  Exc^t  for 
ppssibiy  a  very  srnall  value  of  reveise  current,  the 
dickie  dpcs  hot  conduct  bMs^usfe  i t  is  reycr^ 
The  jmajl^rrcnt  that  flows  csn  be  ignored  because 
the  reverse  resistamcc  of  the  diode  is  extremely  high 
when  compar^^  diinng 
>nd  halJS^le»  voy  little  voits^e  is  developed 
across  tKS'-^i^^mparativcly  low  The 
y^vvfonns  show^  in  ^rt  C  indicate  that,  on  positive 
half  cycles  of  the  applied  volt^e,  current  passes 
through  the  diode  and  the  load  resistance,  prdducihg 
§**^_oy^py^  .voltage  across  the  load  j-esistancc.  The 
output  voltage  has  a  pulsating  waveform  or  ripple;  the 
fi-oquehcy  of  the  ripple  vpl^e  is  the  same  as  the 
^?f^y^"^_o^  source.  Since  the  output  voltage 

and  current  are  not  continuous^  the  half-wave  rectifier 
circuit  requires  considerable  filtering  to  smootH'^out 
the  ripple: 
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FuiUmive  reaifien.  The  single-phase,^  full- wave 
rectifier  is  one  of  the  most  common  rectifier  circuits 
usad  in  crectrpnic  cqu|pmc^ 
voltage  DC  supply  for  the  operation  of  relays,  motors, 
telephone  »and  teletype  circuits,  and  >5inicphductpr 
circiiiis,  A  full-vv^yc  iwUfier  circuit  is  shown  in  figra'e 
6- 15:  It  consists  of  a  transformer  with  a  center-tapped 
secondary  winding.  A  wmicondiictpr  dip^^ 
conhecto:!  to  <»ch  end  of  the  traisformcr  secondary. 
The  load  (represented  by  a  raistor  oh  fig.  6-15)  is 
connected  between  the  center  tap  of  the  sc^jnda^ 
windjng  and  the  common  junaion  ,  of  the  two 
semicojiductor  diodes.  As  a  result,  electrons  flow 
through  one  half  of  the  sa^ndw^  w^^ 
and  a  diode  on  «ich  half  <^cle  of  the  applied  voltage, 
with  first  ojne  diode,  conducting  and  then  the  dther, 
Thiis,  the  electrons  flpw^throughih^^  in  ^^  same 
dir^ion  for  rach  half  cycle  of  the  input  voltage. 

Each  half  of  the  s«x)ndarySMiiridihg  is  electric 
®QUal  to  the  bthcr;^thc  current  p^«  first  in  one 
direction  through  one  halt  of  the  secondary  winding 
and  then  in  the  other  directibj^rough  the  m 
of  Jhe  secondary  winding.  Tnc  ftill-wave  rectifier 
circuit  is  Sore  efficient,  has  less  output  ripple 
amplitude,  af^d  twice  the  ripple  frequency  of  the  half- 
vv^vc  rectifier  circuit.  . 

The  output  of  the  full-wave  rectifier  circuit  is 
hormally  cdhnccted  to  a  suitable  filter  circuit  to 
smooth  the  pulsating  direct  current  for  use  in  the  load 
circuit. 

.Exercises  (060): 
1.  Name  the  majority  carrier  in 

a.  N-typc  of  semiconductor  material. 
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b.  P-cype  of  semicondactbr  materiai. 


What  is  the  result  of  applying  forward  bias  to  a  FN 
junction?  '  \. 


Whatpotarity  of  voltage  is  needed  at  each  contact 
of  a  PN  junction  to  cause  forward  bias? 


4.  Oescribe  the  output  voltage  waveform  of  a  half- 
wave  rectifier  circuit.  . 


?P?"Pl**  the  j-ipplc  fr«luency  9_f  the  output  of  a 
half -wave  rectifier  with  the  frequency  of  the 
applied  voltage. 


When  one  diode  in  a  fulUwaye  rectifier  is 
conducting,  what  is  the  bias  jon  the  other  diode? 


7.  Compare  the  waveform  of  the  output  voltage  of  a 
full- wave  rec^fier  ciroiit  with  that  of  a  half-wavj 
rectifier  circuit. 


6-7*  Operatiog  Principles  of  TnmUtorAmp^ 

Jr^sis^^^  Js_  rapidly  replacing  the 
vacuum  tube,  it  is  playing  a  big  port  in  the  draign  of  all 
types  of  electronic  equiprheht^  The  transistor  is  a 
_ii  J^P^^A  of  con  troll  ing  the  flow  of 
electrons.  Transistors  are  made  from  materials  that  are 
classifioi  as  semicdhductors.  In  general,  all  materials 
^n  tM^l placed  in  one  ^thrct  ca^ories--<ondiictbrs^ 
semiconductors,  and  insulators.  The  following 
discussions  will  be  concerned  only  vfith 
semt^iiductdrs  (trsnsistors). 

^V_J^"M_^^piistrTCtipii  feaiarcs  and  biasing 
of  tnoBiitora. 


of  Tnuisiflrtbn.  We  have 
(tiscussed  two  element  semiconductor  diodes  that 
permit  inore  current  to  flow  in  one  dir^^tionJhan  the 
_  y*y_  have  the  ability  to  recti^.  The  next 
semiconductor  that  we  will  consider  has  thrfee 
iemehts,  and  it  can  amplify. 
Semiconductors  that  have  three  or  more  electrodes 


are  called  transistors.  The  three  elements  of  the  twb- 
juhctibn  transistor  arc:  ( 1 )  the  EMITTER,  which  gives 
pf^f  or  "emits"  current  carriers  (electrons  or  holes):  (2) 
the  BASE;  which  controls  the  flow  of  the  cufrent 
carriers;  and  (3)  the  GOLLECTdR,  which  collects  the 
current  carriers. 

Transistore  are  classed  as  PNP  or  NPN  accofdiiig 
to  the  arrangement,  of  the  N  and  P  materials. 
Transistdrs  have  two  PN  junctions.  One  is  between  the 
emitter  and  jhe  base;  the  other  is  between  the  colleclor 
and  the  base.  « 

PNP  TjraiisIstor._It  takes  three  sections  of 
germanium  to  form  two  PN_ junctions.  The 
combination  df-^two  sections  of  P-typc  germanium 
with  a  thin  layer  of  N-type  gcnnanium  is  referred_to^ 
a  PNP  transistor.  Two  depletion  regions  (barriers) 
occur  it  the  junctions  when  three  sections  of 
germanium  are^  combined  even  though  no  external 
voltage  has  been  applied.  This  phenomenon  is  the 
same  as  that  which  dcciire  when  two  sections  of 
germanium  are  combined  in  a  PN  junction. 

In  a  junction  u-ansistor,  the  main  current  is  from  the 
emitter  to  the  collector  through  the  base.  The  input 
sign|ir  is  applied  to  the  base  of  a  transistor. 

In  using  a  transistor^  we  apply  forw^Euxl  £ias  to  one 
I^n?^>on  and  rc^it^  bias  tq  emitter- 
base  junction  is  normally  biased  in  the  forward  (low^ 
resistance)  direction;  thte  base-collector  junction  is 
normally  bi^jwf  in  the  reverse  (high-resistance) 
directiorL^:.^^  • 

Ifigure  6-16,  A,  shows  the  biasing  of  the  first 
junction  (emitter-base)  in  the  forward  direcnlon,  a^^^ 
figure  6-16,  B,  shows  the  second  junction  (base- 
^!!<^tQl)_bl^scd  in  the  reverse  direction.  Except  for  a 
"Tew  minority  carriers,  there  wiM  be  no  current  acroiu 
the  junction  that  is  biased  in  the  reverse  direaion.  In 
OS^T'^  jS-l?  with  both  juhj^^^^^  the 
holes  from  the  emitter  that  enter  the  base  do  not 
combine  with  the  clcctrohs^that  enter  the  base  from  the 
^^^jy-  I  nstead,  they  pass  throu^  the 
base  aad  enter  the  base-colleaor  depletion  region: 
^  When  these  holes  enter  the  collector,  they  combine 
with ^leco'ons  entering  the  collector  from  the  basc- 
coUector  battery. 

In  the  actual  operation  of  transistors, 
approximately^  95  pert^nt  of  the  current  from  the 
emitter  reaclKS  the  collector. 

_  ^ W  Tfpiwjstoir.  _ Aiv  NPN  transistor  cphsists  of 
-two  sections  of_N-type 'material  $e{»rat^  by  a  thm 
section  of  P- type  material.  Figure  6- 1 8  iHustrates  the 
^yPlcl^l  _NPN  tfans^  the  bias 

connections.  The  theory  .of  operation  of  the  NPN 
transistor  is  similar  to  that  of  the  PNP  cxccpt'that  the 
emitter  of  the  ^PN  furnishes  electrc^  chargcf  rather 
than  hole  charges.  Figure  6-J  9  shows  the  schematic 
symbols  used  for  PNP  and  NPN  transistors.  Note  that 
the  emitter  is  always  identified  with  an  arrow.  The 
ap-ow  a^^yays  points  which  way  the  positive  hole 
charges  will  move.  In  the  PNP  transistor,  the  emitter 
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■  Figure  6-1 7.  Biasing  PNP  transistor. 
87 


At 


37 


32 


EMITTER 


BKS& 


COLLECTOR 


© 

© 

© 

©  © 

© 

© 

© 

© 

© 

© 

© 

© 

-  ©" 

© 

©^ 

© 

"© 

©^ 

© 

© 

© 

©  © 

"© 

©^ 

N 

^ll 


LEGEND 

MOLE  (positive) 
ELECTRON  (NEGATIVE) 


@  donor  >t6m  (positive) 
©  acceptor  atom  (negative) 


FE-095 
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supplies  hole  charges  to  its  junction;  therefore,,  the 
arrow  points  toward  the  base.  ^ 

Jil^hc  l^'*!^  J^?^?5y?^r  supp 

charg«  to  its  junction;  therefore,  the  arrow  points 
away  from  the  base. 

When  in^oubt  as  to  what  kind  of  transistor  is 
shown,  remember  that  the  arrow  always  points  toward 
the  N-type  material. 

Excrcis^  (06i): 

1  •        t|^cJ^tr9<^_^       tw6<^unction  transistor  and 
give  the  purpose  of  each  element: 


3.  tn  a  transistor  schematic,  how  is  the  emitter 
identified?  *        *  ,  . 


.4.  In  any  transistor  amplifier,  which  element  is 
always  associated  with  the  input  signal? 


5-  ln_AjMnctiori  transistor,  where  docs  the  main 
current  occur?  r  y 


2.  in  a  ^two^junctioLn  transistor,  which  junction  is 
normally  forward  biased? 


EMiTTER  EMiTtER 
PNP  TRANSISTOR  NPN  TRANSISTOR 


FI-029 

^  Figure  6*19.  Transistor  symbols. 
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0^  GjvcB  scbematlc  dlmjrms  of  jmic  transistor 
an|iliners,  fdcntify  circuit  components  and 
coldlpiniHoiis. 

Trni^istor  Circnit  Arrmngeneiits.  There  are 
^^F^_^pl^^r_circuit  aitangerhents  pbss^^    for  the 
trmsistor:  Figure  6-20,  A,  shows  an  ampitfter  where 
the  si^al  is  introduced  into  the  emk&r-base  circuit 
from  the  coll^  _Sincc_  the 

base  element  of  the  PNP  transistor  is  common  to  both 
the  input  circuit  and  the  output  circuit,  this 
^"™^8<^cnt  is  referred  to  as  a  cqmmqn-basc^^^ 
amplifier.  The  common-base  circuit  may  also  be 
referred  to  as  the  gr6uhded*base  amplifier. 

In  the  amplifier  of  figure  6-20,  B,  the  signal  is 
introduced  into  the  Ime-eminer  circuit  and  taken 
^om  the  collector-emitter  circuit.  Here  the  emitter 


cicmcnrof  the  PNP  iransistoi'  is  comSon  to  both  the 
input  circuit  and  the  output  circuit,  giving  rise  to  the 
name  cbmmbh-emiiiej^  (CE) 
atnpiifier.  A  common-emitter  amj^ifier  using  an.NFN 
transistor  is  similar  to  the  circuit  of  figure  6-20,  B,  but 
the  polarities  of  Uie  biasing  batteries  arc  revcrswl  in 
order  to  maintain  forward  bias  in  the  base-emitter 
circuit  and  reverse  bias  in  the  c6!!cctbr-l»sc  circUil. 

Figure  6-20,  C,  shows  the  third  possible  basic 
circuit.  Because  ilje  collector  elemeni  of  the  trahsisior 
is  common  to  the  input  arid  output  circuit,  the  circuit 
4s  called  a  (^mmon-Cdllecior  (CC)  amplifier  or 
grDunded'-coiiector  amplifier.  The  signal  is  fed  into 
•the  iMisc-collcctor  circuit  arid  removed  from  the 
emittcr-<x>l]cctor  tircuit. 

RegaiSless  of  the  type  of  circuit,  the  proper  bias  for 
the  Class  A  transistor  arilpljficr  cq^ 
bias  on  the  einitter>k»se  cffcuit  andj^cvcrsei)ias  on  ihc 
coilectc^-basc  circuit,  You  have  seen  in  figure  6-20 
one  method  of  biasing  each  circuij  configuration,  but 
other  biasing  methods  can  be  uscd^ 

(u>mmoh-base  wnjAifier:  In  order  to  operate  th^ 
commoin^-*basc  ampUfier  with  a  single  battery  (sec  fig'; 
6-21),  a  voltage-divider  hctwqfk  is  rc>q 
collector-base  bias  is:^achievcd  directly  by  the  battery 

^  ■        ■  ■  /  ' 


INPUT 


OUTPUT 


INPUT 


OUTPUT 


Figure  6-21 :  C6  amplifier  with  cine  bias  baiicry 


in  the  c^5ll<^cior-basc  circuit:  Since  the  transistor  shown 
is  aPNP  transistor,  reverse  bias  is  achieved  by  making 
the  collector  rieptive  with  resf*ct  to  th^  base,  as 
shown.  Forward  bias  in  the  emiitcr-base  circuit  (PNP 
transistor)  r«juir^  that  the  emitter  be  positive  with 
respect  to  the  base^  This  jx«ld_iiion  is  achjcvc^  Jh^ 
voltage  divider  network,  consisting  of  resistors  and 
R4.  The  current  (I)  from  the  battery  causes  a  voltage 
drop  across  resistor  Rjiwith  polarity  fi^Lin^jicatwl.  This 
voltage  drop  places  the  emitter  at  a  positive  poteniial 
with  rojpcct  to  the  base.  If  an  NPN  transistor  wcfe 
used,  only  the  battery  would  have  to  be  r^^ew^  t 

Common-Emitter  amplifier.  There  are  two  methods 
of  introducing  biasuvoltage  from  separate  batteries  iriio 
the  cbmriibn-emitter  amplif^^^ 
figure  6-20)  is  uscdjt  the  emitter  should  be  placed  at 
AC  and  DC  ground  Mteritial  in  a  piece  of  equipment. 
The  sc<x)rid  mcth^  us(Ki  if  lus  d^ired 

to  h^ve  the  base-erakter  bias  battery  series  aid  the 
polloctor-cmittcr.  If  an  NPN  transistor  were  Uscj;i, 
both  battery  cdnhcctidns  would  have  to  be  reversed; 

The  comhion-emitier  amplifier  may  also  be  biased 
with  a  single  battciy  (B,  fig. ^6-22),  The  single  battery 
directly  produces  the  requifkl  f^eycw  bia^  in 
the  col  lector- fc«sc  circuit.  To  understand  the  method 
hty  which  forward  bias 'between  the  emitter  and  the 
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Figure  6-20..  Etasic  amplifier  configufaiions: 


Figure  6-22.  Bias  m«hods  for  CE  amplifier. 
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Figure  6-^.  Btte  methods  for  ct  amplifier. 


The  Pf^jurictibri  between  emitter  and  base  represents  a 
low  resistance  and  develops  a  low  Voltage. 

Common'<^iJ^^^  There  are  three 

methods  of  introducing  bias  voltage  from  separate 
batteries  into  the  comiiibri-cbllector  ^mpilficr.  one 
method  is  shown  in  C^figurc  6-20;  the  sc<x)rid  an<i 
third  methods  are  shown  in  A  and  B,  figare  6-23.  In 
each  case,  the  batteri^  ^Cablish  the  proper  forward 
^l^_i('^e\ernittcr)  a^^^^  rcycrse  bias  (bas>5- 
coiiector).  tf  an  NPN  transistor  were  sabstituted,  the 
pbLaritics  of  both  batteri^  in  each  circuit  wouid  have 
to  be  reveni«i.  The  TOjilmoji-<^^  ^^n 
also  be  biased  with  a  single  battery  (C,  fig:  6-23):  The 
reverse  bias  (base-cbll^Knbr)  is  directly  by' 

^^^^^  T^^JPr^^  0?l^-emittcr)  depends 
on  the  internal  stnicttireof  the  transistor  The  internet 
mechanism  for  establishing  the  forward  bias  is  the 
same  as  that  cover^l  in  the  common-emitter  amplifict'. 

-----  ' 
Exercises  {O^lh  . 

i.  Identify  the  configuration  of  each  transistor 
amplifier  shown  in  figure  6-20. 


I"  _0JR'"e_6-21^  cmitter-bi^^  is  produced  \y/ 
current  through  what  component? 


pc^^jii^^l^b^^  heed  a 

knowledge  of  the  internal  structare  of  the  transistor. 
We  said  before  that  forward  bias  for  the  PNP 
tran^tor  reqairs  the  [me  jo  b«  motive  with  respect 
to  the  oriitter.  In  a  PNP  transistor,  the  collector  is  at 
l^e  highest  ncptiw  pp^  the  emitter  is  at  the 

highest  positive  potentiai:  Stnicturally,  jhe  ba^  is 
between  the  two;  therefore,  we  must  assume  a  voltage 
ii^^two.  Thus,  the  base  must  be  los  positive 
than_the  emittei^or,_in  other  wordsr  neggtiye  J^th 
respect  to  thc^emitta*.  This  condition  produces  a 
forward  blas>  The  ma^itude  of  the  voltage  between 
the  emitter  mid  the  base  most  be  very  snail  (Rainpafed 
to  that  between  the  collectbr  and  the  base.  Intemaliy; 
^  ^P_Pl^J^i?*o^  1^  M  a  ybliagc  divider.  The  PI* 
junction  between  tiie  collector  and  the  base  reprnettts 
a  high  resistance  &^d  dp^lops  the  larger  voltage  drop. 


3-  In  figure  6-22,  emitter-base  bias  is  produced  by 
current  through  what  component?  ' 


063.  Matcii  bpcratibnd  characteristic^,  with  three 
types  of  truiistor^aiiiplificr  circuits. 

Coiiiiibii_*Ba8e_^iBplin_ftr«  El^  current 
Ihrough  an  Nf  N  CB  amplifier  is  indicated  b^  th^ 
direction  of  the  arrows  in  figure  6-24:  To  simplify  y^c 
circuit  explahatibn,  the  flow  bf  the  minority  ouriers 
^^i^  jhe  revef^-bias^  has 
been  ignored:  Earlier,  you  learned  that  most  of  th^ 
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Ftguini  6-24.  Operation  of  CB  amplifier. 
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Ftgixre  6-25.  Opdiition  of  CE  aitiplifter^ 


am&ii  froin  the  emitter  flows  tov^ati  the  collector  In 
fjgtire  6-24uh^  total  emitter  current  is  rcpr«chtcd  by 
the  letter  I.  For  disM^ussion^l^^  ^umed  t[utt 

95  pjrocnt  Jor  .951)  of  the  current  reaches  the 
collector;  5  percent  (or  .051)  flows  to  the  base. 

The  wav^onm  on  figure  61- 24  repr^eht  voltage 
wavdpiTns:  Tte  input  signal  pi^uc^Lby 
generator  is  on  the  left  and  the  putput  si^ial  developed 
across  r«(istor  R|  is  on  the  right.  Consider  ah  instant 
of  i^rnc  when  tiK  Vq Itagc  AB  from  the  signaj  generator 
opposes  the  forward  bias  produced  by  the  base-emitter 
battery.  The  raultaht  forward  bias  at  this  instant  has 

through  the  emitter.  B3f^  corresponding  amounts^^ihe 
collector  and  the  beie  currents  hkve  been  reduced,  The 
mluc^  airrent  ttetwgh  rcsistoi^  Rj  Cfim&  the  top 
poin^  of  the  resistor  to  become  less  native  (or  rtorc 
ix>sitive)  with  respect  to  Uie  lower  j»int.  Th^ 
shown  l^A'B'  on  the  output  waveform:  For  the  entire 
haifLcycle  that  the  input  signal  is  positive,  it  oppc«^ 
the  fonvard  bias,  arid  the  output  signal  gb«f^^ 

Consider  a  second  instant  of  time  when  the  volts^e 
CD  from  the  input  signal  aids  the  forward  bias 
•  produced  by  the  baae-^eiri i ttcr  _^tlery^TlK  f «ul  tim  t 
forward  bias  at  this  instant  has  been  increased,  thereby 
;  the  tbtal  current  (I)  through  the  emitter.  By 
|ding  ambUnU,  the  collector _and  the  ^se 
currents  have  b^n  increased.  The  increased  current 
through  r^isibr  R|  causes  the  top'poiht  of  the  resistor 
to  l)t*6mcjftorc  nc^tive  (less  positive)  with  t&p^  to 
the  lower  point.  This  effea  is  shown  by  CD'  on  the 
putput  waveforrh.  For  the  entire  half  cycle  that  the 
input  si^al  goes  ncgati^ve  and  aids  the  forward  bia^^ 
the  output  sigpnal  goes  negative:  From  the  aboye 
discussion,  it  can  be  concluded  that  there  is  no  voltage 
Phl*^  l^fy^!^!  ^^srwe^n^  the  i nj^^^  ou^RUJ  signal 

of  a  CB  ampiifier.  Common-base  amplifier  circuits  are 
usually  deigned  for  large  voltage  gain.  The  input 
resistance  is  low  arid  the  output  resistance  is  high. 

CoiiuDoii-Einltier  Amplifier.  The  current  through 
an  NPN  CE  amplifier  is  indicated  .by  the  direction  of 
arrows  in  figure  6-25.  To  siniplify  thr  circUjt 
explanation,  the  flow  of  the  minority  carriers  across 
the  reverse- biased  base- cbl lector  junction  has  been 
ig^nored.  Thc'  portions  of  emitter  current  through  the 
collector  and  the  base  were  discussed  in  the  section 


covering  the  current  and  vol^e  phase  relations. of  a 
CB  amplifier.  If  a  PNP  transistor  were  used,  the 
polanti«_orthc  tetlOT^^  t^^ilOi^P^vt^re^ 

'  but  Jfae  phase  relationship  would  be  the  same. 
_  Consider  an  instant  of  time  w^en  the  input  voltage 
AB  frc^.the  «gnal  genmtor  aJ(ds_thiH^rward  bias 
^produced  by  the  base-emitter  battery.  The  resultant 
forward  voltage  at  this  instant  is  increased,  therdfc^ 
increasing  the  total  current  Q)  through  the  emitter^  By 
corresponding  amounts;,  the  collector  and  the  base 
currents  are  increased.  The  increased  ctirrent  through 
load  jvKistoiJl  J  guises  the  t^  part  of  the  rasistor  to 
become  more  negativejless  positive)  with  respea  to 
the  lower  part.  Tlus  dfect  is  shpvm  by  A'B'  oh  the 
diitput  waveform:  ^For  the  entire  half  cycle  that  the 
input  signal  goes  positive  and  aids  the  forward  bias, 
the  output  signal  g6<»  rii^tis^^^ 

Consi der  a  s«iond  instant  df^  timc^when  the  vo I tage 
CD  from  the  signal  generatbr  oppo^  th&iorward  bias 
product  the  emitter-base  battery.  The  i«iLiltant 
forward  ydUage  is  decr^ES^,  ther^  decr»sing  the 
emitter  current.  By  corresponding  amounts,  Jhc 
collector  and  the  bkw  ciijrcnts  are  decreased.  ^Thc 
dtxireased  current  through  load  rsistoj;  R)  ^usg  the 
top  point  of  the  resistor  to  become  lew  ne^tiveL(or 
more  positive)  with  rcsf^  to  the  Idw^^  This 
effect  is  shown  by  CD'  on  the  output  wawform.  For 
the  entire  half  cycle  that  the  input  signal  goes  negative 
arid  b^>bses  the  fdrv^  ^i|^_t_the  output  signal  goes 
positive:  Therefore,  it  can  be  concluded  that  the  input 
signal  vbriagc  is  reversed  180*  in  phase  in  going 

^  throujh  the  CE  ajnplifier  A  cdmmdh^c^ 
configuration  deveioj:^  a  vol^e  g^in.  The  input 
resistance  is  lower  than  the  output  resistance. 

Cbiiiiiibh-Cblleclpr  Ainpljflei'^  T^^^  J^l^^trdn 
current  through  an  NPN  CC  amplifier  is  indicated  hy 

'  the  direction  of  the  arrows  in  figure  6-26.  To  simplify 
the  circuit  cxplarianbh,.  the  flow  df^^^^ 
across  the  reverse-biied  collector-base  jtinctLon  has 
been  ignored.  The  poHibns  of  emitter  current  through 
the  cbllcctor  arid  the  ba^  were  disoiiswMJ  in  the  s^^ 
covering  the  current  and  voltage  phase  relations  of  a 
CB  amplifier.  If  a  PNP  transistor  were  uscd\  the 
polarities  of  the  batteries  would  Have  to  be  reversed, 
but  the  voltage  phase  reiatLonship  would  be  the  same. 
Consider  an  instant  of  time  when  tfic  input  voltage 


n 
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Rgure  6-26:  Operadon  of  CC  amptlfier: 


AB  fixmi  the  signal  generator  aids  the  fdrwarYi  bias 
llM^^iltant^fprw^^         ^  iissiant 


vo     

increases^  thereby  increasing  the  total  mitter  currjent 
(I).  The  increased  curnni  through  loaKl  resistor  Rt 
^uses  the  top^^int  of  the  resi^or  to  become  more 
positive  with-respect  to  the  lower  part  This  effect  is 
shown  by  A'  B'  on  the  diitput  y^vefonn,  For  tlw^^^ 
half  cycle  that^  the  input  signal  is  positive,  the  output 

signal  is  also  positi\^_.   

When  the  Jhput  cighal  is  hi^tive  CO,  the  forward 
bias  js  rcduccd_  and  the  emitter  current  is 
correspondingly  reduced  The  reduction  in  emitter 
current  (auscs  the  top  point  of  load  resistor  Rj  to 
bwomcjos  |osidve  (more  negative)  with  ropect  to 
the  lower  pEut.  This  cffwn  is  shown  by  CD'  on  the 
ojifi'yt jvavcfdfm^  ^clc  that  the 

input  signal  is  negative,  the  ou^t  signal  is  also 
native.  From  this  informatiph,  it  can  be  concluded 
thartherejs  no  phase  reyersil  betw^  the  input  and 
output  signal  of  a  CC  amplifier.  A  common  collector 
configurauon'has  a  voltage  gain  of  less  than  one,  but 


the  currerit  and  power  gain  are  relatively  high  and  the 
output  resistance  is  low:  . 

Exercfoa  (063): 

In  the  space  by  each  amplifier  ct&raaeristic,  >ynte  in 
the  abbr^ation  for  the  coit^fj^nding  circuit  Use  CB 
for  common-base,  CE  for  Common-emitter,  and  CC 
for  commoh-cbllecton  More  than  one  answei*  iis 
needed  for  some  characteristics. 

 1  I .       Good  power  gain. 

 2.       Hlsl^'^l^y^^  _  - 

^  3.       Voltage  gain  less  than  one. 

 4.       Low  input  resistance. 

 .  5 .       Low  output  rsistance. 

 6.       High  output  resistance. 

 7,       Outpui  voltage  in  phase  with  input 

voltage. 

 .  8.       Output  voltage  put  of  phase  with  input 

voltage. 


■  ^ 
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CHAPTER  7 


Stahclard  Test  Equipment 


IN  THE  MAINTENANee  J)osin^,  there  is  a  need 
for  test  equipment  that  may  be  peculiar  to  a  given  field 
^HiJ  srtandki^  wittun  Jhat  ficld^  Ours  is  no  different 
from  the  other  maintenance  Jleidsjnjhis  fepcct 
About' the  most  common  pieces  of  test  equiprnent  in 
y^»J^^^?<*Lc»  of  thc^  of^xchMge,  au*  the  xtst 
tamp,  test  receiver,  test  telephone  handse^  and  icsi 
board.  One  that  is  fast  becoming  a  member  of  that 
group  IS  tlK  iiuide/outside  plant Ju^^^ 

in  this  chapter  we  are  going  to  look  briefly  at  cAch 
of  the  above  mentibnMl  piec^  of  t(»t  equipment.  Our 

Suijx>8c  is  to  aoqiuint  you jvith  each  so       you  may 
ecide,  when  necessary,  which  is  best  to  use  for  your 
given  situation. 


7-L  Tcft  Laaip  aod  Test  Receiver 

We  start  with  these  two  bj^use  of  their  simplicity 
an4  similarity  of  use  and  purpose. 


064.  G^eii  Kbcniatic  diignuils^  and  _specifie^__tc^t 
poiots,  state  the  expected  test  lamp  and  test  receiver 
Indtntlom. 


Test  tunp.  The  test  lamp,  figure  7- L,  is  used  for 
t«tihg  circuit  continuity.  As  you  sec  in  figure  7*  1 ,  its 
cbristiilctibh  is  very  l»sic. 

CbnSrwcriow.  The  test  lamp  consists  of  a  thin  metal 
probe  connected  to  one  side  pf  a  48* volt  bayonet-type 


CLIP  FOR  TEST 
OR  POWER  CONNECTION 


4B\/  SWBO  LAMP  TEST  PROD 


lamp  socket.  To  the  other  side  of  the  lamp  socket  a 

leii^  of  flexible  wire  is  connected.  Cphn<xtc^ 

end  of  the  length  of  wire  there  is  normaiiy  an  alligator 

clip^  , 

_  l?_wc  cohh«n  the  dip  to  g'b^jnd  wiid  touch 

probe  to  48  volts  banery;  the  lamp  will  light:  it  also 

works  in  reverse;  polarity  makes  no  difference.  It  is  a 

simplc^senes  IjutiJJ  _^  ^ 

Uses,  As  we  said  earlier^  the  test  tamp  is  use^  for 
tc^hg  circuit  continuity.  When  you  think  about  it, 
most  of  thc^tro  we  teve  in  jhe  exchange  end  up 
being  an  open  circuit  due  to  dirty  relay  contacts,  an 
open  relay  or  magnet  winding,  or  a  cold  solder  jpiht. 
We  could  tiie  a  muitimeter^  but  it  nRjuira  at  two 
hands  to  tise  and  a  test  lamp  reqtiires  only  one  hand. 
Figure  7-2  shows  the  test  lamp  b^^ 
continuity  of  a  line  relay:  Before  you  am  arrive  at  that 
point  however,  you  mutt  check  other  test  points.  The 
original  trouble  was  probably  tte  ^^i  1^ 

to  operate.  Approaching  this  systematically,  you 
should  start  by  determining  if  banery  and  ground  are 


Figure  7-!;  Te»l  lamp: 


Figure  7*2.  Checking  continuity  of  relay  winding  with  teat  lamp. 
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P"*^"?-  Jo  Attach  the  clip  of  the 

^oand.  Where  should  yoa^oach  its  probe?  Yoq  coald 
go  to  the  terminal  of  the  relay  where  the  battery  lead  is 
f^fln^^'^L^i  touching jfig*  7-2)  wn^^^  relay 
t  yoQ  can  kilt  two  birds  with  one  stone:  If  the  test  lamp 
li^ts,  you  not  only  know  that  battery  is  pr^nt,  ydii 
also  knqw  that  two  of  the  rejay  winditip  are  good_qr 
have  continuity.  Where  do  you  go  from  here?  Contact 
7  would  be  your  b^t  bet.  If  the  t^t  lamp  lights,  you 
have  provad  that  contacts  7  and  8  of  relay  L  are  not  the 
source  of  trouble.  If  U  doesn't  light,  you  have  found 
one  source  of  trouble,  possibly  the  only  trouble. 
Further  choking  to  ^  jure  U  jt)ur_tes^  m^^ 
Connecting  the  clip  to  battery  and  touchingjhe  probe 
o^ti^c  test  lamp  to  contact  6  of  relay  L  (ri^  7-2)  lights 
the  tamp;  if  ground  is  connected  to  the  bottom 
winding  of  relay  L  and  that  winding  has  continuity.  As 
ypt*:  can  a«c,  there  isn't  anything  very  diffictilt  abK>ui 
using  a  jest  lamp*  Itjs  convenient  and  ^y  to  use.  The 
brightness  or  dimness  of  the  lamp  gives  you  a  rough 
i4*^_9C  Jhc  ypltag^^  J?*!*cs^ht  in  the  circiiit;  hbwo^^ 
accurate  measurement  is  requir^,  a  multimeter  must 
be  used.  The  test  lamp  is  lightweight,  not  bulky,  and 
0??  ch^^inS  circuit  cqhy nuity,  J^^^  to  biNil.  It  is^ 
however,  not  as  good  for  troubleshooting  tone  circuits 
M  a  t«t  receiver. 

T«at_  Rewlyer-.*^^  receiver Jscc  fig*  7-3 )  is 
used  for  checking  circuit  continuity:  Its  use  and 
cohsthictiph  are  much  the  same  as  the  test  lamp.  Let's 
take  a  lodk_at  it  

Construction,  As  we  said,  the  construction  of  the  test 
receiver  Is  similar  to  that  of  the  test  lamp  in  that  it  is  a 


Figure  7 -3.  Teic  receiver. 


Figure  7-4.  Checking  concinuicy  of  relay  winding  with  test 
receiver. 

simple^  scri«  circuit  from  tte  alligator  clip,  through 
thc_teceiver,  to  the  i<»t  probe. 

The  test  receiver  has  two  fl^cxjblc  leads:  one  with  an 
alligator  clip  connected  to  the  end  and  the  other  with  a 
test  probe.  The  tc»t  probe  of  many  test  receivers  has  a 

removable  Mri«vt'^^^^  ^^J^"^^^ 
there  to  protect  your  car  from  extremely  loud  clicks. 
When  the  leads  of  a  test  receiver  arc  pla<»d  jun;qss  a 
^8-wli  wurcc  ft)attc  ground),  an  extremely 

loud  click  is  heard.  Incidentaiiy,  a  test  receiver  is  com- 
monly called  a  click  set.  Because^e  loiidhess  of  the 
click  ^  ^use^r  damage,  be  careful  when  ^u  use  it^ 
_  Uses.  The  lest  roci^ivcr  Is  used,  as  shown  in  figure 
7 -4 ,  exactly  the  sami^  way  that  a  t«t  lam p  is.  Eteforc 
using  a  test  receiver^ jt  is  to  your  advantage  to  place  the 
receiver  on  your  cheek,  close  to  your  ear,  and  place  the 
pfoh«  and  clip  acrd^  and  ground.  This 

arrangement  gives  you  the  loudest  click  you  are  likely 
to  hear  and  an  indication  of  the  sensitivity  of  the 
receiver. 

Thc^  test  receiver  is  particularly  useful  in 
troubleshooting  tone  circuits,  but  it  may  not  give  you 
as  accurate  ah  id(^  of  the  vqluge  an^^ 
circuit  as  a  teit  lamp  does.  When  troubleshooting  tone 
circuits,  you  may,  if  your  click  set  is  so  equipped, 
remove  the  se^^  JnJll^  test  pfpbe.  To  do 

this^  depros  the  button  on  the  probe.  This  removal 
giv»  the  receiver  a  greater  sensitivity,  but  it  also  makes 
clicks  louder  and  more  dangerous  to  your  ears^ 

You  Can  sec  there  isn't  much_difference  between  the 
test  receiver  and  the  test  lamp.  The  use  of  one  over  the 
other,  except  in  limited  cases,  is,  by  and  large,  a  matter 
of  personal  preference.  tJse  whichever  item  you 
choose  with  care  and  safety  and  it  will  give  you  good 
service. 

Excrcliei  (064): 

in  the  following  exercises,  use  foldout  1  as  directed. 
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(Foidout  1  is  printed  and  bound  in  the  baclcof  this 
volume.) 

i.  inheclipofatestfe^iver  iscq 

>M(iat  indication  is_obtained  by  placing  the  test 
probe  on  coritaa  6T  of  relay  H  (foidout  1 )  when 
the  connector  is  idle? 


2.  if  a  test  lamp  were  used  in  problem  1  above,  what 
would  be  the  indication? 


If  you  connect  the  clip  of  a  t»t  receiver  to  ne^jive 
batteiy  and  teach  the  probe  to  contact  8T  of  relay 
HJn  ^pWqy^  1  *''4_y^cn  J  1  of  relay  D 

what  indications  are  received?  Why  is  there  a 
difference? 


If  ^e  «>nnc^dr  in  fdlddut  j  has  been  ^ized  arid 
the  clip  of  a  test  lamp  is  conneaed  to  ground, 
what  indication  is  obtained  when  the  test  probe  is 
placed  on  contact  3  of  relay  A? 


7-2.  Tea  Teleplibiie  Hiiidict 

The  test  telephone  handset,  often  called  a  butt  set,  is 
another  piece  of  t^t  equipment  that  we  use  severaj 
J^ch  day^  Al_l_pf  the  two- motion  stepping^ 
switches  and  trunk  circuits  in  your  central  office  have 
jacks  for  it  to  plug  into. 


065.  Detcribe  tlie  oacs  of  tbc  test  teiepiioiie  handaet 
and  its  tfiree  ixmflfvatldiis. 

CoMtrvctibn.  The  t»t  telephone  handset  conm 
Packaged  iji  two  wa^^  S^me  have  a  m^^ 
two  push  button  switcha,  while  others  come  with^a 
modern  u  plastic  case  of  bright  color  and  a  three- 

PosiuM  slide  iwit^^^  ^   ^  

.  Regardless  of  the  ^ckaging,  they  afl  do  the  same 
job.  Th^  hormally  come  «:iuipi>ed  with  a  transmitter 
at  one. end  auid  a  recejyer  and  a  dial,  mountj^  back-to- 
back,  at  the  other  end.  The  metal  encased  models 
come  ojuipped  two  push-switches  marked /^R** 
and  ''C>**  while  the  plasUc  models  have  a  three- 
(X>siti6h  switch  with  a  C,  R,  and  center  positions. 

_  JUia.  With  the  switch  in  the  C  position  or  the  C 
push* switch  operated  (sec  fig.  7-5),  only  the  receiver, 
Ln_2^!l?5  _with  a  capacitor,  is  iii  the  circuit  of  the 
handset  leads:  in  this  configuration,  if  the  handset  is 
plugged  iiito  a  lineTmder  that  is  in  use,  you  are 
'PP^'^PHDS  jx)ssibly  to  see  if  it  is  in  use  or 

has  just  failed  to  release:  With  the  switch  in  the  center 


TRANSMITTER 


sail  TEST  PLUG 
< 


Figure  7-5.  Sdionatie  diagram  of  lest  lelepHohe  handset  circuit. 


position  or  if  no  push-switches  are  operated,  the 
transmmer  and  dial  are  iii  the  circuit  of  the  handset 
leads  and  in  p&rallel  with  the  receiver.  In  this 
/cbhfiguration,  if  you  plug  the  handset  into  an  idle 
circuitt^ou  Kize  the  circiiit.  Having  seized  the 
circuit,  you  shoujd  use  die  handset  dial  to  step  the 
selector.  Ybii  release  the  circuit  by  operating  the  G 

push-switch  or  unplugging  the^)^^   

Ydu  can  get  the  .other  configuration  by  operating 
thcj^  {Hish-si^itdi.  This  plac^  1200  ahms  raistance 

^''^_^?^j?l  *'^^J?™'?!tt^^^^^  t«t  hindaiet 
does  the  same  things  in  this  configuration  as  it  does  if 
no^ish-sv^tcha  a^^  The  extra  r^istance  is 

added  to  simulate  extreme  line  Jodp  conditions. 

The  test  handset,  as  was  said  earlier,  is  probably  the 
mqstjDdjiHTO  equipment.  Most 

central  office  pmonnel  use  it  daily.       _____  ^ 

We  use  it  when  we  trace  calls,  perform  preventive 
??®'A*A*L^"ce  J  (PMIs),  trbiibleshopt 

equipment,  and  even  when  we  work  on  the  MDF 
(whcii  the  plug  of  the  handset  has  been  replace  with 
alligator  clips): 

Exerciics  (065): 

1 .  Name  the  three  main  components  af^  a  test 
telephone  handset. 


2.  What,  electrically,  docs  depressing  the  C  push- 
switch  do  to  the  test  handset  circuitry?  (fig  J-5) 
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MO    _  _   _  : 

What  electrically,  docs  dcpriKsing  the  R  push-  c.  No  push-switches  are  operated? 

switch  do  to  the  test  handset  circuitry?  (fig  7-5) 


if  the  test  handset  is  plugged  into  t»t  jacks  1  and  2 
6f  a  connc^or  (fbldout  1)  What  happen^  in  the 
connector  when: 


5-  Whien  twting  selcctore  pi'oper 
stepping^  depressing  the  R  push-switch  simulates 
what  condition? 


a.  The  C  push-switch  is  operated? 


6.  When  do  you  use  the  C  push-switch? 


b.  The  R  push- switch  is  operated?. 


7-3.  Central  Office  Test  Desk 

The  hub  or  center  of  testing,  in  most  central  offices. 


VdLT^HM--MILLlAMWeTeR 
,  AND  RHii^TAT  PANit. 
PART  NO.  H871 184-15 


IMPULSe  SPEED  AND  

PUCSE  RATIO  EQUIPMENT, 
PART  NO.  H88478-1 


keyshelf 


HEADSETS  JACKS 


JACK  AND 
KEY  Fi|ELDS 


PJAU  PART  NO. 
D824820C 


WHEATSTONE  BRIDGE, 
PART  NO.  H880152-1 


FRONT  VIEW 


H6-151 


Figure  7-6.  Type  I  re«t  de^k. 
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is  the  test  d«k.  It*s  normally  mari^ 
long  and  yet  it  seems  to  be  taken  foi^granted:  With  the 
test  desk»  we  have  the  capability  to  test  both  inside  and 
outside  plant;  cable  paire  as^^w^^^  ^H>PJP„^"^' 
Because  of  its  various  connections  and  features,  it 
allows  us  to  do  a  large  number  of  tests  from  one 
central  lo<:»tibn.^  R^  t*1^  type  of  exchange 

you  work  in,  youVe  got  a  test  desk;  in  a  Sirowger 
exchange,  the  type  1  i<»t  d^k  (fig.  7-6)  is  used  in  XY 
exchanges,  types^D  and  E_are  Used,  ^ch  of  the  test 
desks  mentioned  contains  face,  key,  and  relay 
equipment. 

---        ---y--  ----    -         -  -   ^  ----- 

066.  Draw  a  block  diafram  of  the  type  1  t^t  d^k 

and  specified  .associated  circuits  to  show  their 

.electrical  confijc^^  the  functioh  of 

specified  test  desk  components. 

Face  Eqni|Mneiit.  T^^  M^  A^^  r^cc 

equipment  incjudes  %.puitimeter,  dial  speed  and  pulse 
ratio  meter,  t^t  trunks,  in-call  and  out-call  circuits 
and  a  night  alarni.  Let*s  start  with  the  multimeter 

Af«/nwrtfr.  The  vblt-ol>^  7-7)  is 

located  on  the  left  panel  of  the  test  desk.  Lever 
switches  on  the  test  desk  shelf  are  operated  to  provide 


ninges  of  0  to  1 50  and  0  to  600jTlilliamp^^^  0  to  1 50 
and  0  to  600  volts  Three  ohmmeter  ranges  are  also 
provide.  The  low  range  is  1  torSOOO  ohm  with  500 
Plini^  at  center  scale.  For  the  iritentied[atc  range  4hc 
scale  reading  is  multiplied  by  I  d,  with  5000  ohms  at 
center  scale.  For  the  high  range,  the  scale*  reading  is 
mulUpli©d  by  100  with  5();000  ohms  at  center  scale. 

One  rheostat  switch  and  two  control  knobs  _are 
located  on  the  yoli-phm-milliammeter  panel.  The 
switch,  designated  RHEO,  Cdnnects  an  adjustable 
resistor  in  scries  with  the  meter,  for  use  in  transmission 
test  and  ihsulaiibh  breakdown  test  with  the  0  to  1 50  or 
0  to  600  milliampere  range;  The  control  knob  at  the 
righi.of  the  switch  controls  the  adjustable  resistor.  The 
other  cohtfol  knot),  designated  VM  ADJ,  is  the 
ohmmeter  adjustment: 

Dial  speed  and  pi^ise  ratio  meter  iffi^.  7- 7).  It  is 
mounted  in  the  upper  center  J^f  the  t«t  djEsk^  The 
meter  measures  dial  ;Speod  in  pulses  per  second  and 
pK?rccht  make  of  the  clial  contacts.  The  measuremehis 
^re  made  ejcctncaljy  M4  Irc  LQ^jp^^^  PJ^  A^"^_?^^ 
which  has  two  direa  reading  scales.  These  scales  have 
a  range  of  0  to  15  pulses  per  second  and  0  to  100 
percent  mak^  A  lever  switch  oh  the  switch  shelf, 
designated  DiAb  TEST,  is  used  to  connect  the  dial 
speed  test  circuit  to  the  station  line  to  test  the  dial  of 


,  vOl<>0«W-Mit,iMMMtta 


\\  '^'./.•.p 


J  - 


o 


pi 


.»I»I«I*T«I«T*I*3 
L»I»I»I»I»I»M«>M 


t*I*I«I*I*I*I«I*I«I*l 

i«)Ici^^«l«)I»I(.l;*l.I»l 

I*M*»I»»I*M 


I 


^Wi^r  


Figure  7-7.  Type  I  icst  desk  face  equipment 
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the  statiori  set.  Relays  us^  in  the  dial  sp^  and  pulse 
ratio  cinmiLsure  the^layj^te  eqt!iiprnent^ 

One  twist  switch,  two  push  switches,  and  two 
control  knobs  are  located  oh  the  dial  sixed  and  pulse 
raifP  F»ncl  L^  the  center  test  desk  figm^  7-7. 

The  switch,  designated  IPS,  is  operated  when  dial  tests 
are  to  be  made.  The  push  switch  at  the  left  is  operated 

adjacent  control  knob:  The  posh  switch  at.die  rig^t  is 
operated  in  orcfer  to  set  the  meter  to  full  scale  by 
means  of  the  adjacent  c»ntrqi  knob. 

tat  trunks.  Jack  equipment  on  the  test  desk  panels 
provide  access  to  trujik  circuits  and  apparatus  which 
penriits  the  test  man  to  coniiect  to  aisy  sffl^^ 

Tot  tnmks  to  distributing  frame  circuits  consist  of 
three^jacks  and  associate  circuit  apparatus,  figure 
7*Z^l?*_?^M*^_ctrcuit  ^nncOT , the  test  (»rd^ 
distributing  frame.  A  test  shoe  (fig.  7-8)  permits 
connection  to  be  made  to  any  station  line. 
_  P?*^  ^ruitk  to  test  distribtttor_is  includad  in  the 
miscellaneous  switching  equipment  in  a  typical  dial 
central  office.  A  jack  and  relay  rack  circuit  apparatus' 
for  one  trunkycii'cuit  toihe  test  dismbutor  is  usually 
provided  on  me  test  desk.  A  jack  strip  containing  10 
jacks  is  installed  on  the  panel  for  test  distributor 


he  / 
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trunks,,  but  nbrrhally  only  1  jack  is  wired  on  the  test 
d^.  The  other  jacks  have  ho  application  in  a  typical 
office: 

A  strip  of  10  push  switch^  is  mounted  in  the  center 
{^h^L^iPl^  test  distribiitbr  trunk  jack  and  a 
lamphotder  strip: 

Th«c  switch^  arc  operated  to  release  the  test 
disthbiitbr.  Since  normally  one  test  distributor  is 
provided,  the  switch  on  the  left  end  of  the  strip  is  the 
only  one  actually  used. 

lT^^  /icsk  trunk  circuits  a^^  to  .permit 

acc^  to  the  tot  dok  from  any  dial  station  line.  One 
level  of  the  special  sa:ond  scliKtor  in  the  central  offioe 
witching  cquipmcm  is  Jasigricd  for  the  test  desk 
trunks:  Ten  jacks  are  installed  on  the  (wei,  but  only 
trunk  circuits  are  equipp^  as  shown  in  figure 

in-call  and  out-adl  circuits.  The  call  wire  circuits  are 
provided  for  communication  betw^n  two  or  more  test 

be^«^^  A^^_J^4_??  i^i^WiPn 

center,_a  repair  center,  or  a  switchboard:  The  out«cail 
wire  of  one  desk  is  cbhhected  to  the  in-call  wire  of  the 
"^^^l  dok-  A  pilot^lamp  and  a  twist  switch  in  the 
center  panel  of  the  test  dok  are  associated  with  the  in- 
call  wire  (fig.  7-7).  The  pilot-lamp  lights  to  indicate  an 
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iricbming  call;  operatioh  of  ific  switch  enable  the  twt 
^ii^Jo  0^5  circuit  without  using  any  of  the  t«t 
cords  or  plugs  Thc^ut-call  and  in-call  wires  are  riot 
used  in  most  office^ 

A  buzzer  provides  an  audible  signal  bri 
incoming  calls  for  night  service  or  for  periods  when 
the  test  desk  is  hot  attended  contmuousiy.  The  buzzer 
ran  be  cdnriectj5d_or  di  by  operating  the 

twisi  switch,  designated  NA,  onjhe  righthand  ^nel. 

Howler  and  liu»iiltitioD  Br^kdown.  A.Eowler 
circuit  is  inoorpqrate^  in  the  to  signal  a 

station  by  placing  a  varying  tone  on  a  line  when  the 
*w^^_4sct  is  not  replaced.  The  howler  is  located  in  the 
central  office  miscellaneous  switching  .  equipment 
group  and  islcabled  to  the  howler  circuit  control 
apparatus  ill  the  test  desk. 

__  Ah  ihsulatibh  breakdown  test  circuit  in  theSs^ 
d^,  using  200  volts  obtkined  from  dry-cell  battcri«; 
is  assoclaicd  with  the  howler.  Two  hank  contact  levels 
pn  the  25-pbint  rotary  stepping  switch  in  the  howier 
provides  inierrupiirig  circuits  for  the  ihsulatibh 
breakdo>W)  icst^ 

___^MiS6eIf.  Five  test  cprds  arc  located  on  the  plug 
shejf,  as  shown  in  figure  7-9.  Th^^  with 
three  conductor  switchboard  plugs  are  provideJ  to 
a)rLn«n  the  test  circuits  of  the  t«t  dSk^  to  the  test 
trunks:  Supervisory  lamps  arc  a^ciated  with  each 
cord  except  the  Wheatstone  bridge  cord. 

The  primary  t«t  cord  fP)  is  used  for  most  of  the 
r5L"l'*^^J_cs_tm^  which  ihcorpdrates  all  bf  the 

tests  that^  are  made  with  the  volt-ohm-milliammctcr 
When  the  primary  test  cord  is  Diuggffl  into  a  test  trunk 
and  cdnric^tcxJ  to  a  lirie,  bpM^^^ia^f  the  test  keys  on 


Figure  7:9.  Type  \  test  dok  plug  shelf. 
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the  lever  shelf J^m  testing  bf  r«isiahce,  current, 
votoge,  ringing,  voice  transmissiori,  and  dialing. 

The  auxiliary  test  cord  (Aj  is  used  for  tests  that 
rguirc  the  cortrijK:tibri  t^^^  be  held  for  a  considerable 
time,  thus  permitting  other  tests  to_t«  made  over  the 
primary  test  cord  without  disturbing  the  previous 
^"^^P;  J^^^„^?9yo^  the  primary  test  cord  and 
auxiliaiy  tes^  cord  can  be  interchanged, by  operating  a 
switch  marked  S^f  on  the  switch  .shelf. 

The  Wheatstone  bridge  cord  (WB)  is  us«i  for  the 
three- wire  Murray  ioop  or  Varlcy  loop_tests-  When  the 
cord  is  connected  t^itthe  line  uhdcr  test,  operation  of 
proper  controls  on  thk  switch  shelf  and  the  Wheatstone 
bridge  unit  permits  iest  for  faults  in  the  outside  lines. 
Since  most  test  desks  are  not  equipped  with  a 
Wh«Gtone  bn\c^e,  this  normally  us«i. 

The  single-ended  cord  (1)  is  used  to  answer 
Incbmjng  calls  over  the  test  d«k  trunks  or  to  dial  out 
"  ^°  i^^^^i^"  L^c  switching 

equipment.  The  primary  and  auxiliary  t«t  cords  may 
?L^:^  tor  this  purpc^e,  but  the  use  of  the  single- 
ended  cord  allow  the  other  cofds  jo  be  used  for 
testing.  The  single-envied  cord  and  the  auxiliary  t<st 
cord  jwpply  battery  ta  the.  calling*  line.  When  you 
answer  calls  with  the  primary  test  cord,  yoii  miist 
ppcrate  a  transmission  battery  switch  on  the  switch 
she  If  to  supply  ^t  tery. 

The  sonnderytest  cord  (S)  is  used  to  put  a  dial  tone 
pn  a  line  for  tcM  purpos«  and  to  give  an  audible  sound 
when  you  arc  liacmifyiiijg  pairs  in  a  cable  by  short- 
circuiting  the  conductors:  Thwc  funcdons  also  are 
F^rfpnn«d  bn  the  auxiliary  test  cord,  but  the  sounder 
test  cord  permits  connexion  of  the  tone  or  sburidcr  for 
a  long  period  while  r«erving  the  auxiliary  t«t  cord  for 
other  tests. 

^^^'^  _T*^o  rows^^^^^  switches  on  the 
switch  jhelf  control  the  test  circuit  apparatus.  The 
Mcr  switches^  IpcatwJ  in  the  front  or  outer  row,  are 
mainly  MSGciatcd  with  the  primary  t<st  ferd  as  shbwh 
in  fi^re  7-10.  Ucver  switches,  associated  with  the 
^i^^illaiy jt«t  cbRj  an|  the  sounder  test  cord ^re 
located  in  thie  rear  row  nearest  the  plug  shelf.  Five 
push  switches  associated  with  the  out-call  wires  are 
located  at  the  left  of  the  lever 

Primary  test  cord  circuit  controls.  With  all  switches 
in  the  horinal  or  nphopcrated  posltion,^  tht  meter 
(^Jo  J^QQ  yolts)  is  cqririccted  to  the  T  &  R  leads 
of  the  test^cordL  c[rcuit^  Operation  of  the  lever  switch 
marked  reverses  the  connection  to  the  T  &  R 

leads  of  the  test  oofd  circuit  (sec  fig.  7-11). 

The  1 5V_- i  5by  lever  switch  conricctsjhc  1 5-voli  or  ' 
1 50- volt  test__battcry  in  series  with  the  meter. 

T^hjs  VMT-GRD  (voltmeter  tesi-grouhd  lever 
switch  in  the  VMT  position  and  thc  15y  or  150V 
lever  switch  in  its  correct  position,  permit  checking  the 
voltage  of  the  test  batteries-  O  of  the  VMT- 

GRD  lever  switch  to  the  GRD  position  j)lus  the 
bperation  of  the  150V  FEMF  and  the  other  lever 
switches  permits  tcstirtg  for  foreign  voltage  or 
resistance  between  the  line  and  ground 


i 


WCSTOH  MOOCDOe 


j5V-  l»V 


LL 


Ti!: 


3 


150V 
DC 


REV 


0-7 


Figure  7-10.  Type  I  leu  dak  icMing  drcuii,  limpllfied; 


ERJC 


The  T  BAt-FEN§?  (transinlsslbri  battciy-fercigh 
EMF)  lever  switch  in  the  T  BAT jwsitidh  discbhri«^ 
the  voit-ohm*miinamtneter  from  the  primary  t^t  cord, 
and  connects  the  battery  and  ground  to.  the  line, 
penhittihj  talkinj  tests  oh  the  primary  cord  circuit. 

The  PRIMTAtK-RlNG  lever  switch  in  the  RING 
pbsixioh  places  ringing  current  on  the  primary  test 
cord  ciraiit.  Operation  P^IW 
TALK  position  disconnects  the  volt-ohm- 
inilliamineter  from  the  primary  t^t  cord  circuit,  and 
connects  the  (gjcra^  rci^Jvef  jmd  transm^^  for 
talking  with  the  T  BAT  switch,  which  is  also  operated. 

The  OHM  Hi  tprer  swit<;;h  connec^  the  voit-oh'm- 
miUiamm^ter  for  JKistahcejiveasuretneh^  by  using  the 
hig*Mt  J»isten<*  The  range  is  Chan^  to 

intermediate  or  low  nmg^  by  the  additionai  operation 
of  the  OHM  INTER-OHM  LOW  switch. 

The  TMT-CpNN  ^^^^^^  (tr^hjmissiqn  test- 
conductor  relasexicver  switch  is  operated  to  the  TMT 
positk)h  for  transnuKib^  icst&.  Operation  of  the  switch 
to^thc  CONN  RLS^sition^  when  th^^^ 
trunk  circuit  is  being  used,  permits  the  test  conncaor 
to  release. 

The  1 50  MA-B(X>  (bridge  cutofT)  lever  switch, 
when  operated  to  the  150  MA  position,  connects  the 
volt'bhm-milliapinieter  for  reading  current  oh  the  0  to 
150  in^milHamperc  range.  When  this  switch  is 
operated  to  the  ECO  position,  during  dialinj^ 
pbservation  tests  oh  lines  over  the  distributor  trunk, 
the  ssociatKl  Jine  ^aipnient  is  permitted  to  rei«se. 
and^ire    lihefmdcr  fbL  bridged  dialing  tests. 

The  INS  BK  DN  TEST  lc>tr  swi tch  cqnncos  the 
2bC*vojt  test  battery,  the  insulation  brSakdoWn  test 


. 

circuit  of  the  IBT,  the  holler  switch  for  ihsulatiph 
breakdown  test  circuit  of  the  IBT,  and  the  howler 
switch  for  insulation  tests  on  the  smtion  lines. 

The  WB  lever  switch  cdrihects  the  primary  test  cord 
to  the  Wheatejoiic  feidgc  bj^j«rmitting  any  two-w 
Whcatstorie  bridge leuo  be  made  on  the  station  lines. 

The  WB  REV-GRD  lever  switch  to  the  WB  REV 
F^itidn  rcvcre<»^^^  line  conneaions  to  the 

Wheatstone  bridge.  Operation  of  the_  switch  to  the 
GRD  position  connects  ground  to  the  T(+ )  side  of  the 
'ihe  /or  making  reslsta^  t«ts  with  the 

Wheatstone  bridge. 

The  CT  (capacitor  test),  lever  witch  connects  the  ' 
primary  test  circuit  and  the  intej-rupter  circuit 
apparatus  for  testing  the  capacitance  of  the  station 
nhger  capaci tdi^bm^isd  iCTbss  the  statidh  line. 

The  CALL  THRU-TCO  lever  w^^^ 
p^itipn  cuts  off  the  transmitter  for  monitoring  on  the 
test  cord  ciraaits.  Operation  of  the  switch  to  the  CALL 
THRU  pbsiuoh  pinhits  the  test  men  to  dial  any 
number  through  the  line  equipment  associated  with  the 
sitation  iine  under  test. 

Auxilidry  fesr  a}rd  cir^ij  <x>htroi$.  Five  lever 
switches  in  th^r«r  row,  figure' 7-11,  associated  with 
the  auxiliary  test  cord  circuit,  are  riot  used  in  typical 
bffi^.  These  swtchjs^  marked  RING  1;  RING  2, 
l^ING  3,  RING  4,  and  Ri^G  5,  are  used  only  for 
harmonic  ringing  bri  party  lines  and  are  not  tisbd  in 
riibst  offices.  _  _  _ 

The  RING  REV-SW  lever  switch,  figiire  7-11, 
when  operated  to  the  SW  pbsjtidri,  imcrcha^ 
c^rinwnidris  of  thc^rimary  and  auxiliary  tesj^cords  so 
that  tests  may  be  made  .with  the  primary  test  circuit 
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apfnrfltos  over  the  auxiliary  ti^t  cord,  and  tests  with 
the  aiiiiliary  t^t  circuit  a{^)aratui$  over  the  primary  test 
cord.  This  makes  it  p»Mublc  to  use  ajl  of  thc^t«t  circu^ 
apparatus  without  dis^nnecting  the  pla^  from  the 
test  trunk  jacks.  Operaupn  of  this  switch  to  the  RING 
REV  g5sition  reyerw»  the  nnging  c[ra^  connections 
for  some  types  of  divided  ringing  party-line  service.. 

The  AUX  TALK- RING  lever  sw^itch  to  the  RING 
.  position  provide  rnanua[  rin^hg  6n  the  statiorrlines 
over  the  auxiliary  cord  test  circuit  to  the  auxiJiary  tcsi 
cord.  Operation  of  the  switch  to  the  AUX  TALK 
(X^sitidn^  connects  the  talking  circuit  to  the  auxitiary 
test  cord^ 


__  the  HQWt-biAt  TEST  lever  switch  to  the 
HOWL  position  connects  the  howler  to  the  auxiliary 
cord  circuit  for  injighaling  the  statibri  lines 
wh^re  receivers  have  been  left  off  the  hooks: 
Operation  of  the  switch  td  the  DIAL  TEST  position 
?o"n^5f'^  A^SP  ^1^1  sp^^  an^  fH^lse  i^X'^  J^P^rcerit  make) 
test  circuit  lo  the  auxiliary  test  cord  for  testing  the  dials 
of  the  station  sets. 

The  S,  S  Rev ,  arid  S  SW  lever  switches  cohtrdi  the 
sounder  test  circuit:  Operation  of  the  S  switch 
connects  the  sounder  to  the  auxiliary  test  cord. 
Operation  of  the  S  RE V  switch  rcyer^  the  sounder 
connections  when  used  with  the  auxiliary  test  cord  or 
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the  sounder  i«i  cord.  Operjitibh  of  the  S  SW  switch 
changes  the  sounder  k>  op^'^t*^  rGnoval  of 
shon  circuits-frora  the  lines  under  test. 

The  BAT  CONT  lever  >witch  shbr^-^^^^^ 
mistors  iinzt!?^^^©fy.  supply ^«ds  to  incmse  the 

hyinrry  V^itag**  yppl''^^  nvgr  thg  statinn  iihes 

^ ;  The  N  &  TEST  lever  s^tch  4s  tised  Jjth  special 
noise  and  uransmi^^  ^  sets^  which  are  not  part  of 
typical  diai  central  office  equipment.  ___   

_  P^''^^  fi>r  sihgJt^^^'*^^  TAy^  _l - 

blAt  i  lever  switch  is^perated  for  talking  or  dialing 
on  the  linc^le-ended  cord  circuit. 
^'  l|eiiy  EqiipiiieBt.  Relays  jand  other  circuit 
aj^aratus  associated  vath  tlw  tist  (tesk  |ux  mpunti»j  p 
a  hinj^  mmljrafne,  called  the  relay  j^te  or  the  reii^ 
rack^  at  the  rea^  of  the  ddsk^jtee  figure  7-42.  Four, 
metal  mbuntihg  pUtes  mwnr  relays,  oipc^Ltpp/'an^ 
» roisters.  A  metal  cover  houses  the  equipment 
mooted  on  ^ch  plate.  Circuit  designations  for  the 
aj^ntus  are  lettered  on  the  covers. 

1-  P_r»w  block  diagnims  o^^  ^u*P"y^L^^A^ 
beiow  to  show  lever  switches;  jacla,  plogs;  etc: 
from  the  t^t  desk  to  the  equipment  listed, 
a.  Test  shoe. 


b:  Test  connector. 


c.vDil^t  ipeed  thrpugh  the  test  d^  trunk- 


2.  State  the  funaion  of  each  of  the  following  listed 
test  desk  cornpbnjents. 
a.  15V- 150V  switch. 


^  PRIM  TAbK-RING  switch. 


c.  CALL  THRU-TCO  switch. 


d  RlrtG  REV-SW  switch 


c.  OHM  HI  switch. 


f.  150  MA^BCO  switch. 


g.  CT  switch. 


h.  HOWL-DIAL  switch^ 


i.  NA  switch. 


"  j.  Test  cords. 


k.  Relay  gate. 


067.  Dnw  ijUbUt  dii^rpiii  6^^  type  D  icti  d«lfc 
and  specified  amctated  ctrcvits  to  show  tMr 
ciectrji^  ^cbnflgHiatlM^^  and  vtatc  tbe  fnctlon  of 
ipeciflcd  lever  switchei. , 


Face  £qHi|NBeni._  The  6ce  equipment  of  the  typ^  P 
test  desk  (fig.  7- 1 3)  incliides  J  Jt^uluiricterv  jrunk 
switch^,  and  test  trunks:  We  stan  our  discussion  with 
the  multimeter. 

Afclrim^tfr.  The  mu^  used  to  rq^ister 

ground,  crosses,  Teverses/ and  open  circuits  in  the 
inside  and  outside  telephone  plant.  Tl^  ta^^ 
operator  u^'^'^^Vnet^  along  with  the  keys  on  the 
keysbeif  to  tna^  tne  foHpwing  tats: 

(1)  Resiitahc^       1  ' 

(2)  CipcimcxSs.^^ 
^3)  Foreign  battery. 

(?)  T™Mny*|ipn.   

(5)  Pulse  ipeed  and  percent  make.  J 
It)  Current  measurements.  / 
(7)  AC  voltage. 

trunk  switch^,  the  trunk  switches  enable  the  tftit 
d<Mk  operator  to  cdrincci  the  primary  or  auxiliary  tip 
leads  to      ^J^^  ^ 
tested:  These  switch^  are  iabeled  as  follows: 

(1)  MDFIN— MDFOUT 

(2)  TEST  SEL  TRK 

(3)  SEL  LEVEL  TRK  ^ 

Ouiside  piunt  test  equipment.  Facilities  arcL  also 
provided  to  aid  in  clearing  ouuide  line  faulu.  These 
facilities  consist  of  the  howler,  sounder,  and 
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Figure  7-14.  Type  D  lesi  desk  keyshcif  equipment. 
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Figure  7-' 1 5.  Type  D  lot  doit  teuinf  iwiicha 


Wheatsione  bridge:  T^ts  can  be  made  utilizing  th«sse 
circuits  from  the  iMt  desk  over  the  following  accesses: 

0  )  i™j?cadr's  trunk. 

(2)  Tat  switch  train. 
"Test  shoe. 

(4)  Binding  posts. 

Ke^ibclf  Eqalpncnt.  the  hinged  seaion  of  the 
keyshelf,  figure  T-l^^^pmns  the  hecosary  lat  keys 
to  apply  the  \^riouH^ts,  through  the  teuing  facilities 
previously  disctu^,  to  the  lines  under  test  Listed 
below  are  the  iu^  you  iise  and  their  purpose  (see  fig. 
7-15).  / 

_  il )  Tip  Banery — Permits  testing  for  0  to  1 50  vblts 
of  battel^  dh  up: 

(2j  Ring  Ba«ry— l>ermits  tating  for  6  to  150 
volts  oLbattery  oty^ng. 

_  (?)  T>P_Prpund~fennits  for  ground  oh  the 

tip  1ml.  The  meter  reading,  if  any,  will  be  in  ohms  for 
the  inbound  imd  loop  t<^^^^ 

__  _(4)  RinE_G>'ound— Permits  testing  for  grounds  oh 
the  ring  lead: 

(5)  Lobp^Pcrmits  measurement  of  resistance 

yp  xlni   

(6)  ^Tip  Capacity— Permits  testing  for  capacity 
between  the^tip  lead  and^irbuhd.  ^ 
__i7LRihg  ChipaciQ^Pcim  for  capacity 
between  the  ring  lead  raid  ground. 

(8)  Loop  Capaciiy---Pcrmits  testing  for  capacity 
between  Uip  and  nng^ 

(9)  Release  Permanent — Used  with  the  t«t  selector 
trunk  to  release  line  equipment  which  is  held  operated 
b^ose  o^a  permanent  condiuon. 

_  (10)  Howler  Primary/Howler  Auxiliary- 
Connects  howier  tone  to  prima^^  or  auxiliary  tip  and 

ring.    • 

(11)  Talk  Battery  Primary/Auxiliary — Connects 
transmission^  the  primary  oh  auxiliary  tip 

and  ring  i«ds: 


_^Pi*!^__The  djal  is  U»5d  the  inside 

equipment  through  the  various  teit  trunks:  ..^ 

Operitdr*s  Jacks.  Two  jacks  enable  easy  access  to 
the  tntihg  circuits,  brie  on  either  side  of  the  lower 
k^heif:  _    ' 

Test  Ciroiits.  The  MDF  trunk  is  used  to  extend  the 
prttt^uy  or  auxiiiary  vs&i  lead  to  the  main  toting 
circuit  to  a  testjshoe  at^the  main  distributing  frame. 
The  functions  of  the  MDF  trunk  are  listed  below. 

The  MDF  OUT  switch  is  used  to  make  tests  on 
outside  lines  or  trunks  without  affecting  the  inside  dial 
equipment  over  the  testing  leads  of  the  main  testing 
circuit.  The  operation  of  the  jviDF  OUT  switch  to  the 
PRIM  position  extends  the  PT  arid  PR  leads  from  the 
rrilun  testing  circuit  to  the  test  shoe.  At  the  tat  shoe  the 
testing  leads  are  extended  through  the  test  shoe  and  the 
prbteaor  tb  the  outside  plant  equipment.  The  test 
9P*^^pr:^^  Po^'_^lform  the  required  tests  on  the 
outside  plant  equipment: 

The  MDF  IN  switch  is  uswi  io  make  tests  on  inside 
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dial  c^mral  office  equipment,  bypassing  the  heat  ooWs 
of  the  protector  over  the  testing  Jeads  of  the  main 
iwtirigcircuit.  O^^raiibh  of  the  MDF  1^  tb  the 

PRIM  position  extends  the  PT  and  PR  le»ts  from  the 
main  testing  circuit  to  the  test  shoe^t  the  protectbr. 
The  testing  leads  aj^j^xtendbj  through  Uie  test  show  to 
the  inside  plant  equipment:  The  tat  operator  may  now 
make  the  K^ts^  onJthe  inside  plant  «juipmerit. 

The  HEAT  COIL  switch  is  uskI  to  make  t«ts  bri 
the  inside  dial  central  office  equipment,  through  the 
heat  cbils  bf  the  protector  over  the  testing  leads  of  the 
main  usUng  cir^^   

Conneaor  romine  test  circuit:  This  ciftult  wiii  tat 
the  individual  line  cbnjieaibris  for  ririging  on  a 
bndg(^  ringer,  with  a  iSk-ohm  leak  during  riilglhg. 
Ringing  is  wsf^pcd  after  the  second  pube  by  a  1 500- 
ohm  loop.  The  trahsmisiibh  path  is  tat^  by  two 
puisa  of  dial  tone  on  the  ritig  side,  fbUowed^  one 
pulse  of  dial  tone  on  the  tip  side.  Answer  supervision 
is  tated  by  bperatlhg  and  releasing  the  AB  relay,  A 
too^lof  three  tones  is  h^utl  if  the  a^nsmlsiion  path  is 
complete.  If  only  two  tones  are  heard  it  is  an 
mdi<^tlbh  that  the  Up  opnd  is  open.  If  one  tone  is 
heard,  this  indioita  the  ring  conductor  is  open:  No 
tona  indicate  both  sidairc  open. 

_^4'  ^Pf «^  V^L  The  dial  speed  tat  ci rcUit  is 

toed  by  the  telephone  Jnstaiier  to  check  an  jnstaiied 
telephone  fbr  the  percent  make  and.  dial  speed.  The 
l^hM^lcr  mi«t  dial  t^^  htimix!r_  1 15  to  |cizc  the 
circuitWhen  the  circuit  is  seized,  the  installer  will 
receive  bhly  bne  spun  bf  dial  tbhe.  He  then  must  dial 
the  digit  0;_any  other  n^^^  iWh<5_n 
the  dial  under  tat  returns  to  normal,  one  spurt  of  dial 
tbne  Ihdicata  a  slow  dial,  two  spurts  of  dial  tone 
indi^te  the  diai  is  standard,  thnss^^iis  of  dial  tone 
indicate  the  dial  is  fast  This  test  may  be  repeated  as 
many  times  as  daired_^  redialing  the  digit  0. 

.V^_^^f^<>''J'y^  tnihk  prbyides 

accos  ffom  the  tat  dak  to  any  one  of  the  lina  in  the 
central  office  via  the  tat  selector  and  the  test 
cbririectqr.  ^o  pfbyisiqn  is  tnade  for  ina>mirig^G^ 
over  this  trunk:  However,  the  tat  selector  may  be 
accosed  from  the  attendant's  cabinet  to  verify  calls 
"^^^Di^c^^&sary.  These  circuits  are  normally  called  tat 
switch  train.  _ 

Selector  level  trunk.  The  selcctbr  level  trunk  is  used 
by  the  outside  piaiit  repairman  or  instaiier  to  gain 
access  to  the  tat  d^  through  the  central  office 
equipment.  This  eQal|^  the  test  dak  operator^ to 
accomplish  the  line  tae  r(Et]aired: 

Exercises  (067): 

1.  Draw  block  diagrams  of  the  equipment  listed 
below  to  show  lever  switcha,  etc.,  from  the  tat 
desk  to  the  equipment  listed, 
a.  Tat  shoe. 
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b.  Ten  connector. 


c  Selector  level  trunk. 


2.  State  the  function  of  each  of  the  following  listed 
lever  switchs. 
a,  MDF  IN 


b.  TEST  SEL  TRK 

c.  Release  Permanent 

d.  Loop 

e.  Tip  Ground 

f.  Ring  Battery 

g.  HEAT  COIL 


MS.  P«R^rilPe  the  f^^iora  of  speeifled  controls  of 
the  automatic  line  Insitiation  routiner^ 

^ntoniatlc  bine  insuiation  Roattncr.  The 

automatic  line  insulation  routiner  •runs 
yo*DAc"TMPy^>y»__ 'rtsuiation  faults, 
below  a  proelected  minimum  sensitivity  level,  oif  all 
sul^riber  lindt  or  on  just  -specified  number  groups. 


FUSS  PANSt. 

PART  NO.  HSi<ese  i 


'7-4.  liiil^i/Owlde  niitt  AlAMiitic  R<^^ 

At  this  point  you  realize  tfm  the  vnatn  porpcne  of 
your  Air  Force  life  is  to  jjcbvidc  the  very  b^  • 
teleptehe  ^rvice^  pc^lble.  One  y^y  to  (Mrqytdi^gcMxl 
service  is  to  test,  on  a  routine  basts*  the  various 
cdmpbhents  that  make  up  the  telephone  plant  This 

nibscribers  expect  a  higher  quality  of  telephone  service 
these  days. 

the  quality  of  service  im^rjt^ed,  so  have  ^  ^ 
methods  for  testing  the  plant  In  most  of  our  cemrai 
ofHces  we  hive  two  types  of  automatic  routiner.  The 
automatic  line  insulation  J^outjner  checks  the 
subscribers  cable  pair  and  telephone  instrument;  the 
automatic  equipHnent  routiner  checks  switch  train 
equipment.  With  this  jKiuipment  we  are  able  to 
perform  these  tests  more  ^ily.  more  accurately,  and 
with  a  manpower  savings. 
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Figure  7>16.  Automatic  line  insulation  routiner  equipment  rack. 
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Fiiure  7-17.  Auiomalic  line  insulation  roulirier  test  panel 


ERIC 


59 


5^ 

The  routiner  is  riRik  m^^  in  figure    1 6. 

When  the  routiner  locates  zAoXu  it  stops  and  prints 
out  on  a  tape  the  fault  lo&tion  infonnation.  This 
information  inciuda^:  (1)  Unr  sensitivity  level  (below 
which  the  fault  was  deteacd);  (2)  the  telephone 
number  in  trouble;  and  (3)  the  type  of  fault  located 
Uoop  (short),  ground,  battery,  or  a  cbmbiriation  of 


The  routiner  is  deigned  to  operate  without 
somephe  watching  it  It  can,  however,  be  set  to  stop  on 
a  foulty  line  and  wund  ah  audible  alarm;  or  run 
through  all  the  lines  and  print  out_  all  faults  eh- 
cbuntcrod  pri  a  tape^  It  tests  the  lines  using  the  ifeit 
distributor  trunk  aiid  test  connectors. 

T«ti  Ptaeh  The  test  panel,  figure  7-1 1,  cbhtaiiis  the 
cbhtrbb  foi*  ^U'^i  ^p  and  .  initiadng  the  insulation 
teits  and  the  j«i<»tbn,  w^  display  t^t  sotus  and 
test  n»uitt.  thm  ffle  seven  lever  sv^t(^  forjM^ectiiig 
the- mode  of  operation  and  two  rotary  switch^  fot 
JKlecUng  the  sensitivity  level  at  which  the  lines  arc  to 
be  tested. 

Rotary  js^^^^^  battery  fault 

sensitivity  switch  sets  the  srasiiiyity  range  fbr^etecting 
battery  line  insulation  resistance,  ranging  from 
9^1™  M  to  L!^  and  \6op  fault 

sensitivity  switch  sets  the  sensitivity  range  for  detecting 
the  mihimum  acceptable  Jbop  and  ground  instilation 
r^istance,  ranging  from  50,000  bhitis  to  1  megohm. 

Lever  switcha  fflf,  %  i  ?^ThePRESET  switch  scizei 
the  test  distributor  of  the  office  being  tested.  The 
START  switch,  ^  you  ntaj^  have  gue^sd,  starts  U* 
roiitiQer,  it  is  a  nonlbcking  lever  k^.  The  CAMP  ON 
F^J^I-T  switch,  when  c^>erated,  causes  the  routiner  to 
stop  when  it  finds  a  fault  and  tojight  the  aiam  jamp.^  If 
the  AUX  SIG  switch  (third  from  the  right)  is  operated, 
a  buzzer  also  sounds. 

-^nie_OL-BL.jwitch  is^tised  in  conjunction  with  the 
GRD  I^LIB^BAT  CALIB  switch  for  <»libratirig  the 
sensitivity  of  the  fault  detection  circuits.  Opeming  the 
switches  u>  the  DL  and  QSS>  OKLiA^xnitions 
^itnitl^adjustitie^^  of  tl*  GFU5  atS^ 
screwdriver  control  to^set  the  seraitivity  of  the  ground 
and  loop  fault  detecdbrL  Circuits.  Operating  the 
switcteiU)  the  BL and  BAT CALIB ^ilibhs ^^rmits 
adjusonent  of  the  BAT  CAtlB  screwchiver  <»ntroi  to 
set  the  seinitivity  of  the  battery  fault  detection  circuit 

The  THOBS  Sl^-HUNb  STEP  svsitch  is  used  for 
t^hg  sfxciHc  line  number ^ups  other  than  the  first 
tine  number  group  in  the  office. 

'n^i!*  tyj^J^r^wwd  of  the  test  {Nihel  sire 

^jamps  OTax^ed  in  four  jproupi  of  10.  The  lamp 
jewels  (covers)  of  each  grt>up  are  ntimber^  1  through 
O^yt  lampi  stow  wh^  being  tatttl; 

depending  on  which  one  in  eKh  group  of  Jamps  is  lit 
The  row  of  lamps  directly  below  the_nuinber  ^bup 
lamps,  as  seen  in  detail  A  of  figure  7-17,  indicates 
obtain  line  conditions,  for  the  line  under  test  and 
office  conditions. 
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Figure  7-18;  Aucdmstic  equipment  routiner  equipment  ndc. 


ExercisM  (068): 

State  the  functions(s)  of  the  switches  listed  below. 
I.  PRESET 

%  .  '  - 


2.  AUX  SiG 


3.  BAT  FAULT  SENSITIVITY 
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/        WOTAHY  ACCm  SWITCH 
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 p^it^  0  HtY      0''WLY    ^p*'wu    "0" nty- 


^  ®  ®        (B^^®   ©  ®  dX^ 


m  ©  © 


OOMMUS 


■UST 


FLT  ST1»  SUSY  MUMT  AOMMCC  ACM 


tTiyiT       Tttn      V^AK      TUT         TAtK       NO  MT        QUT        ACC  SW  AJLS 


4=4 


LOO^ 


FLT  tTP  rAuCT 
PUT  RLS 


-12 


DETAIL  A 


Figure  7-19.  Automatic  equipment  routiner  test  panel. 
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Figure  7-20:  Accen  twitch  locition  chart. 
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4.  caWp  on  fault 


5.  GRD  CALIB-BAT  CALIB 


6  THGUS  STEP-HUND  STEP 


M9.  Dficribt^  tanctioiss  of  specified  controls  of 
the  aotonuitic  eqolpinent  rbotlner. 

Aitbiiifltic  Eqoijmeiit  Rratjner.  The.  autoit^tic 
equfpnient  routiner  is  designed  to  test  swiich 
eqaipmehtiunctibhally  (switch  trains  and  interpffl^s 
repeaters).  Tl^TPyj^nc  *  &;  is  rack  mounted, 

as  is  the  line  insulation  routiner.  It  provides  up  to  four 
vox  groups  to  permit  toting  of  lihdlnder^iret 
selector  cbmbihations,^ 

conneaors,  and  local  interoffice  repeaters.  It  comes 
equipp<x)  with  a  printer  for  printing  out  the  faults  it 
iocat^^   _       .  -  — 

When  testing  an  equipment  group,  the  routiner  tests 
«aich  switch  in  that  ^bup,  stcf^ing  past  busy^ 
and  stopping  onjy  when^  t«t  requirement  is  not  met 
or  when  routining  is  completed. 

Tert  fmei.  the  t«t  panel,  figure  7vl  9,  cohtaihs  the 
controls  and  indicators  used  to  set  up  the  various  tests. 
Maintenance  j»jwnncl  (you)  scject  the  desired  test 
ics^p,  rotary  access  switch,  the  jX)sitioh^bf  the  rotary 
acc^  switch,  and  the  vertical  Ic^l  pf  the  scoonda^ 
acce^  switch  (^Icctorjwitch)  Qsmg  tfje  test  panej. 

Group,  rotary  access  switch^  accesss  switch  level, 
rotary  access  ^itch  j30sitibh?  Where  dd^^  Thicse 
are  logical  questions,  and  here  are  the  answers. 

Rotary  switches  The  gxoup  switch,  positions  1 
through  4,  dctennihtt  the  cquipirient^^^ 
being  t^ted.  When  set  on  1,  the  Hnefmder^irst 
selectors  are  selected  for  ttttihg;  when  set  oh  2,jthe 
intermediate  selcaors  (second,  sfK^lal  2nd,^  3rd;  etc.)  ^ 
arc  seieaed.  When  set  on  3,  local  connectors  .are 
selected,  and  position  4  selects  local  interoffice 
repeatefs. 

9-  Before  ybii  read  about  the  other  three  switches,  you 
need  to  look  at  fi^^  '7-20^  The  group  switch  with 
four  positions  isn*t  too  tough  toJiandle,  but,  beyond 
that,  memory  is  a  poor  substitute  for  knowing  where  to 
position  the  dthe  figure  7-20  shows  a  part 

'.of  the  access  switch  iocption  chart  which  is  located 
under  a  sheet  of  aciylic  plastic  bri  top  of  the  routiner's 
writing  shelf. 

Starting  at  the  top  of  the  chart  we  find  GRpUP;  th^^ 
number  for  the  specific  test  group  appears  here. 
Beneath  this  is  the  SW  block:  the  number  in  this  block 
indicates  which  rotary  access  switch  is  used  for  this  test 


-       ,  r? 

of  a  specified  equipment.  We  now  run  into  three 
columns:  (1 )  ROT  SW  POS  tP;  (2)  iS  SWiTCH:  and 
(3)_INBAY..  t 

Let's  talk  alx)iit  Uic  rotaij^  access  swit^^ 
wiflPits  name  implies:  a  rotary  switch,  simiiiar  to  that 
iu»6d_  as  a  distributor  switch  in  a  Strowger  lihefihder 
shelf,  that  access  up  to JM  swjtches  (m^ 
in  the  centra^  office  switching  equipment.  The  numbCT 
of  rotary  ac(^ss  switches  used  by  a  rdutihcr  depends  on 
the  size  of  the  cxchjB^^  of  SOU  wijl 

have  fewer  access  switches  than  a  3000-linc  office. 
The  Rotary  Acc«s  Switch  can  ttave  up  to  24  trunks 
into  the  central  pffic*  connected  tty  is  banks. 

Now;  back  to  our  three  col umni.  The  ROT  SW 
POS  LP  column  indicates  the  bank  Jxwitibhs  on  tfe 
specific  rotary  aa»s  l^^JS  SW  column  next 

to  it  tells  us  what  switch  in  the  central  office  is 
qphhmed  to  a  given  rotary  access  witch  bank  co^ 
The  next  column  IN  BAY  tells  us  in  what  equipment 
bay  that  switch  (IS  SW)  is  located. 

Normally,  the  wuch  identified  in  i^^^^  SW 
column  Is  the  first  elector  on  a  shelf  of  seizors  or  a 
linefinder  group  t«t  number.  In  a  Strowger  central 
office  the  first  i5l(w:tbr  on  aJL^J^Pt  l^^cjves  U 
connected  to  the  banks  of  a  rotaiy  access  switch.  This 
dioesnlt  affect  the  nbrrnal  operation  bf  the  selector  and 
gives  the  routiner  aj^ess  to  tl^  central  office  s^tching 
equipment:  For  tftting  linefinder— first  JcLcctor 
combinations,  the  two  test  numbers,  29  smd  99,  are 
cbhriectoJ  to  the  banks  of  the  rotary  ac^s  switch. 

Let  us  assume  we  want  to  test  a  linefinder— first 
selectbr  cpmbihatibh  other  than  the  first  grbiip 
aiildmatically  tesj^.  We  know  that  the  GROUP 
switch  Is  placed  on  position  1  .  By  looking  at  the  acce^ 
switch  Ibcatibn  chart  SW  block  we  find  the  number  of 
the  rotary  acceis  switch  to  use:  If  switch  12  is 
lndlcated,-we  turn  the  Tens  switch  to  I  and  the  Units 
switch  tb  2.       

We  are  almcst  there:  we  have  our  Group  switch  set 
for  the  proper  t«t;  we  have  sel«:ted  the  proijcr  Rbtary 
Access  Switch;  and  all  that  is  left  to  do  is  to  set  the- 
Rotary  Acc6s  Switch  Position  switches.  If  the  IS 
SWITCH  and  IN  BAY  columns  indicate  09  and  10 
for  the  linefinder  shelf  we  want  to  test,  we  set  the  Tens 
and  Units  switches  at  09,  as  the  routiner  will 
autbmati(^lly  step  to  10  after  the  routihihg  of  09  is 
tested  individually  b^  the  rjxitiner  and  there  are  two 
grou;^  for  each  linefinder  shelf   

L^ver  switches.  Lbbk  at  detail  A  of  figure  7-19,  At 
the  bottom  of  the  panel  there  are  seven  lever  switches 
and  the  top.portion  contains  eight  rows  bf  lamps.  Let's 
start  with  the  lever  switches. 

_  _!rhe  CTART  s^^^  starts  the  routiner  but  is  not 
necessarily  the  first  switch  operai^.  The  next  switch 
to  the  right  is  the. COMBINED  TESTS  witch.  As  the 
name  implies,  it  combines  the  tests:- With  this  switch 
operated,  test*  groups  1  through  4  are  tested  in 
sequence. 

The  "A"  LEAK-STD-LbOP  switch  is  used  for 
testing  the  A  relays  of  connectors,  test  group  3.  With 
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the  switcn  in  the  ccnter^posiiion  (STD),  standard  600- 
ohm-loop  pulsing  is  used;  with  the  switch  in  the  LEAR 
|X}sition,  'Meak  A"^lsmg  is  Used;  and  wijhjhe  swuch 
in  the  LOOP  position,  i400-ohm-ioop  pubing  is 
used, 

the  BUSY  TECT  sw^^  us«l  to  jxrform  the  busy 
test  on  the  connectors.  The  TA^K-MON  switch  Is 
vised  for  talking  oh  or.  monitoring  the  circuit  under 
i&i.  An  operator's  hc^KiiSSt  or  handset  p[up  jntd  the 
jacks,  shown  below  the  six  rotary  switches  in  figure 
7-19. 

The  FLT  STP  NO  PRT-FLT  STP  PRT  switch  is 
used  to  engagrbr  disengage  the  printer  when  a  fault  is 
ehcbuhtered.  If  you  desire  a  print  out  of  the  faults 
encountered,  place  the  switch  in  the  FLT  STP  PRT 
pNOsition.  Operating  the  BUSY  PRINT  OUT  switch 
^u^_lU_^yp^LSMd^!^^  P^iyohs  (s<K:bhd^^^  ^ess 
switcha  that  were  busy)  to  be  prated  out.  This  sjiows 
you  which  areas  remain  to  beij^^ted  because  the 
routiner  passed  over  them 

The  ADVANCE  ACC  SW-FAULT  RLS  switch  is 
a  jaonlockLng:  lever,  switch.  Moving  the  icvcr  to  the 
ADVANCE  AOC  SW  jSosiiibn  (»^^  rbUtihef  tb 
advance  or  step  the  Rotary  Acc^  Switch  to^hc  next 
positlbii  Oil  its  banks.  When  the  switch  is  moved  to  the 
f A^LJ.^LS  Jxj^itiori,  the  sy«tch  under  test  rclca^ 
and  the  routiner  t«ts  the  next  switch  in  line.  Last,  but 
hot  least,  is  the  AL_M  RLS  switch  which  is  also  a 
nohlbckiilg  switch.  OperaUng  this  swUch  silehcoi  th^ 
audible  alarm  that  sounds  when  the  routiner  fmds  a 
faulty  switch. 

^c^coTdrJoOTgir.  The  tjy)  four  rovv^  o 
numbered  jewels  (lamp  covers),  correspond  with  the 
rptaiy  switches  to  the  left,  that  we  discussed  earlier. 
The  "X"  jewels  cover  lamp  positions  that  are  not  used: 
Operating  the  start  switch  lights  the  PRESET  lamp, 
fifth  row  from  the  top,  far  left;  and  causes  the  lamps  ih 


the  top  four  rows  to  light,  antii  they  indicate  the 
pdsitidris  of  the  rotary  pitches  to  their  left.  Orice  the 
lamps  in  the  top  fburro^s  indica^^  the  start  position  of 
the  test  being  pcrforrped,  the  preset  iamp  goes  out;  The 
titles  above  the  other  lamp  positions  are  reasonably 
self-explanatory. 

Exercises  (069): 

State  the  functidn(s)  of  the  switches  and  hhps  listed 
below. 

1.  ACCESS  SWITCH  LEVEL,  rotary  type  switch 


2:  START,  lever  switch 


3.  FINDER  GROUP,  lamps 


4.  GROUP,  rotary  type  switch 


5.  "A"  LEAK'STD-LOOP,  lever  switch 


6.  FLT  STP  NO  PRT,  lever  switch 


7.  Busy  Test,  lever  switch 


OFFICE  NO.  {  1  TO  10  ) 


LINE  no:  (  XXXX  ) 


CONNEC  TOR  GBO  Uf^. 
P— 1  ^ 


TYPtO^JCAOtT  . 
l^flATTEBy  FAuIt 
-GROUND  FAULT 
|-»LbdP  FAULT 


TO  5  KOPW^ESPONOING 
<0  POSlTldN^  OF 
ELECTOR  SVWQrCH) 


100  GROUP-r 
200  GROUP-^ 


 ...  M: 

Figure  7-21.  Typical  line  insulation  xoutiacr  printout, 
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OTti/ Given  prinl  tapes  h^llUhrllne  insulation  and 
eqbi pmeiit  roiitlhers^  inrerpret  specified 
informaflon.  ' 

-Prliiier  Tapies.  Both  the  line  insulation  and 
eqaipment  routiners  come  equipped  with  a  printer.  It 
prinis  out  in  code  the  line  or  .specific  equipment  in 
irbuble  and  the  type  i3f  trouble.  The  brijy  problem  with 
.    coded  printouts  is  interpreting  the  code: 

Une  mmtdtton^^  A  typical  priritbut 

from  the  Tine  insulation  routiner  is  shown  in  figure 
7-21,  It  is  ah  eight-digit  code  and  contains  five  pieces 
of  information. 

Starting  a^^tlp  [eft,  the  first^lumn  indjc^tes  the 
number  of  the  exchange  being  tested.  Jf  your  base  has 
bn^br  rpofe_  sai^^^  this  digit  has  a 

significant  meaning.  The  next  four  digits  form  the 
number  of  the  line  in  trouble.  The  sixth  digit  identifies 
the  ^  hundreds  group  of  the  line,  in  relation  to 


______   :  .5^.. 

conrlector  operation.  The  seventh  digit  from  tTTe  iefi 
indicates  the  sensitivity  level  at  which  the  test  was 
pcrfofnicd.  This  cs^rresponds  to  jhe  setting  of  the  fault 
sensitivity  rotary  switches  on  the  test  panel. 

The  last  digit  indicates  the  type  of  fault.  If  a  line  has 
more  than  one  type  of  fault,  each  will  be  printed  but 
on  additional  separate  lines.  The  trouble  codes  are  as 
follows: 

(1)  Battery  Fault. 

(2)  Ground  Fault. 

(3)  Loop  Fault. 

_  Equipment  routiner  printouts,  A  typical  p^nfeut 
from  the  equipment  routiner  is  shbwh  in  figure  7-22 
It  normally  consists  of  a  nine-digit  code  which 
contains  five  pieces  of  information.  In  some  cases,  as 
shbwri  at  the  bottom  of  the  figure,  the  printout  is 
seven-digit  code  containjjig  four  pieces  of 
information. 


ACCJESS^SW.  POS 
ACCESS  SWITCH 
GRP  n  2,  3,  OR  4 


BSY.  ROT.  POS; 


SPACE 

GRP^  J  -  PINDER_SH^  A  OR  B_ 
GRPS  2-3  OR  4-VERT.  tEV:  &  ROT  STEP 
DF  SEC.  ACCESS  SW. 


TROUBLE  ENCOUNTERED 


JNDICATE5  0N  1ST  VERT.  LEVEt 
IITH  ROT.  STEP/OVERFLOW  TONE 
NOT  DETECTED  / 


INDICATES  ON  IST  VERT.  LEVEL 
IST  ROr  STEP  SEL.  FAILED 
TO  SW:  THRU 


GRP  1  -  FDR.-IST  5EL.  TESTING 
GRP.  2  -  SELECTOR  TESTING 
GRP.*3  -.LOCAL  CONN:  TESTTnG  ^ 

.  REP-  &  TOLL' CONN.  TESTING 


;    .    ...  r;^r 

INDICATES  SECONDi(^y>GfCESS  SW.  BSY. 

-      --  -  .        .  jt/-,  -   

11^  GRP:  7.  AfC  SW;  01:  ACC.  SW;  POS.  01 

.*•»».'  1  'f- 


'>rt:C^SS^SWIT QH  POSIT^^^W: 


^1 


\ 


r 


^Sianirig  at  the  firit  idlgii  itidicata  the  tot 

group:  the  second  and  third  digits  indicate  the  rotary 
access  switch  Used,  and  the  fourth  and  fifth  digits 
indU»te  tj*  jwx^  wiper  position  in  the 

banks.  The  sixth  and  seventh  digits  indicate:  (I) 
lihcfmder  group  tested  (A  or  B)  for  group  1_ tests;  or 
(2)  jte  vertical  lc\^^^  rotary  step  of  the  secondary 
access  swUch  (selector)  for  grdu^  2,  3,  or  4  tests. 

The  last^  two  digits  indicate  the  type  of  fault 
encountensl.  The  34  different  fault  codes  are  listed 
belbw. 

i^:    Overflow  condition: 
oh    Linefinder  group  A. 
P?-    Ljncfinderjjoup  B. 
04:    Secondary  access  switch  is  busy. 
05:    Selector  under  tot  cannot  be  seiz^^^^ 
06:    Selector  uqder  tot  doo  not  switch  through. 
07:  "^Dtai  tone  not  returned  by  jMclector  under  test. 
08:    Crpuhd  is  hot  maihtaHied  oh  lead  C  during 
tot.  . 

09:    Busy  tone  is  aot  returned  during  busy  tot 
! 0:    Cohhector  toll  loop  is  'incomplete, 
i  i :  incomplete  (oU  jing  circuit  is  detected. 
12:    King  circuit  opened  during  first  ring  cycle. 

1 3 :    RihgtMck  tphc  wbs  hot  returned.  

14:    Conneaor  ring  circuit  opened  during  first  or 

second  ring  cycle.  ^ 
15:    Reverse  bajteij  w^^    not  received  from 

cojinector  on  answer: 
1 6:    Reversal  bric^  at  distant  office  was  nc^ 

reach4^  or  repeater  did  hot  reverse  the  line 

polarity. 

17:    Release  cycle' hot  completed. 
18:    Powtivc  side  of  tiwsmiM^  i**^>*_open^ 
19:   ^Negatjve  side  of  transmission  It^is  opcn^ 
20:    Connohor  iinder  test  did  hot  switch  through 

after  vertical  and  horizdntal  stepping. 
21:    Not  used.      •  ' 

2"?:    Not  used.   .  _ 

^  23:    Positive  side  of  transmission  line  to  relay  A  is 

open.  .  ^ 

24:    Negative  side  of  transmission  line  to  relay  A*" 

is  opc  n^  _  _    _  _  _ 

25:    Relay  A  should  not  opNcrate  but  did  operate. 
26:    Relay  A  should  operate  bu^t  d^^ 
27:    Dry  trank  supervision  not  provided  upon  line 

leizu^>  '  , 

28:    Ring  circuit  did  not  P^n^tmng  ring  trip  t^ 
29:   Transmission  leads  reversed  in  connector^ 
30:    Positive  side  of  tcahsinissioh  line  to  relay  D  is 

oi>en^    '_  

3 1 :    Ne^tive  side  of  transmission  line  to^elay  D 

is  opcri^  _        :  _ 

32:  Relay  D  should  not  bperate  but  did  operate. 
33: '  Relay  D  should  operate  but  di<|  not  operate. 
34:    Prihtcr  is  recordihg  the  biisy  p^s^tions  on  a 

level  of  secondary  acccs  switch.' 

"Exercises  (670H 
Given  the  foUowing  sample  printouts  for  the  line 


insulation  and  equipment  routiners,  interpret  the 
specified  codes. 


14  2  12  6    2  1 


16  6  6  16 

1  7  3-0  5  1 
18  6  7  8  6 

2  2  2  2  26 
2  2  3  5  6  1 
2  2  4  7  16 


3  3 
3  1 
3  2 
2  1 

2  1 

3  2 


bine  Insulation  Routiner  Printout 

Use  the  above  chart  to  complete  a  through  e. 
a.  List  the  7  telephone  line  numbers: 


b.  What  number  of  sensitivity  is  the  Battery  Fault 
sensitivity  switch  set  on? 


a  What  number  of  sensitivity  is  the  GRD-tOOP 
*Fault  sensitivity  set  on?  * 


d.  What  hundreds  group  is  each  telephone^  li 
number  irt?  *  " 


e.  List  the  telephbhe  numbers  and  state  the 
fault  found  on  each:  \  ' 


a. 

b. 
c. 

<i 
e. 

i: 

i- 

h. 


0  10  10  1 

1  d  2  1  K^'O  6 

2  0  65  2  Q 1. 


Equipment  Routiner  Prifitout 


2.  Use  the  ^chart  shown  above^  and  state  the 

information  specified  for  lines  a  through  h. 
,    a.  Test  group  and  fault. 


b.  Access  switch  and  fault, 
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c.  AcSoee  switch  [Volition; 


d.  Test  group  and  access  switch  position. 


e.  Test  group,  fauh,  and  access  switch. 


f.  Access  switch  and  fauh. 


g.  Secondaj^cc<^  switch  position  and  faoit. 

h.  T^t  group  and  access  switch. 


< 


4 
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ANSWERS  FOR  EXERCISES 


GHAPTER  I 


001-1.      a.  To  cableahd  antenna. 

b.  Cable  slicing  intuUation  and  maintenance 
^  ipecisllK.  ^ 

c.  5:  * 

001 -2.      a.  Ihttdepliht. 

b.  ^  Electronic  Switching  Syftah  R^rmiui. 

c.  7. 

001-3.      a.  Ouaide plant.  _   

b.  Outside  Wirtf  and  Antenna  Maintenance 
Repiiitnin.  ^ 

c.  3. 

%  bb  1-4.      i.  inside  plaht 

^  b.  Telephone  Equipment  Installer  Repairman. 

c:  5. 

001-5.      a.  OutttdepliiiL 

b.  Ou|side  Wire  and  Antenna  Maintenance 
Technician. 


c.  7. 


002  -  i 
002-3, 
002.4.*^ 

002-  5. 

0d3.  1. 
003.2. 

003-  3. 

003-4. 

003  -5. 


>,5,and7. 
3i5,and7. 

3^5, and  7. 

Six  itionUii  is  the  minimum  time  in  vfidch  Olt  to  the  5 

skill  level  becbmpleied^ 

THe  taak  ahd^fcnowledfs  rcquirein^is  for  oppade  to 

U»  5  and  7jcve4_ar«  famd  in  the  JiPO^ 

The  dual  ctymniri  JM)proa<±_tp^^^ 

pe^Ocicncy  training  and  completion  of  the  aF^pnate 

CDC   __:  

AF  Form  2096  iiitm  be  iubffliaed  requesting  skill  ievei 

A  JPd  it  an  annotated  5TS  and  may  also  coim*  of  an 
AF  Form  797,  listing  tasks  that  do  not  appear  m  the 
STS. 


004-  i. 
004-2. 
004-3. 


004-4. 

004-5. 


005-  I. 


An  acddtmt  sbut^  and  ah  a^d«t^^ 

Accidait  source.    |t 

Accident xwroe is deftnedai a^jrpv^  or acUvity 
that  ha  a  potential  o(fdaogtf^_An^Ld«t  cav^ 
iflWfe  act  or  condition  that  accompanies  the  accident 

^m^y nigs  in  a  self<lcM3hg  mtmi  cont^ner. 
A  conu^  •ccidrtt^  ^^^  measuring  the 

rcustanep  pir  a*^  circuit  is  the  faiiure  to  turn  off  the 
power.       '  ' 

Sgt  Xohhibif  failol  to  gei  a4i0^  bbiwverin  situation 
1.  He  should  have  had  a  safety  dheeiver  because  of  the 
high  voltage  involved  (150-ampfuse).     /  . 


007-1. 


008-1. 


009-.  1. 


010-  t. 

dib-2. 

blQ-3. 
010-4. 
010-5. 

010-  6. 

bii  -  i. 

011-  2. 
011-3. 

bii  -4. 


012-  t. 
012-2. 

012-3. 
012-4. 
012-5. 


b: 


in  situation  2.  He  shottid  havtriwld  it  level  to  avoid 
bending  the  tetntnal  of  the  protector. 
AlC  Smith  impropeHy  used  the  pliert  whoi  he 
stri^Kl  the  insulation  from  the  jiiinperat'eye  level 
or  above  io  situatidn  2.  j$  stould  have  JoHtusi  j 
ladder  andjRrippoi  the  insulation  from  tbej^ 
with  plt«i  below  eye  level: 

Airman  Jones  left  toq6  laying  bh  tc^  of  the  is^cr 
situiuiqn        iHpuid  have  placed  the  Mols^lh  a 
pocket  andtaken  thwnjpjthe  wprk^^ 
Airman  Smidi,  in  situation  2,  did  not  jit  ajaddcr. 
He  should  have  fottei^s  ladder  to  avoid  having  to  _ 
ttrip  the  juih|w  liifiUitibh  ib  close  tah^ 


I n_sjluaiion  _31  Airman  Jonajnade  nbj^  to 
protect  himself  or  hU  coworkers  from  Uieiymes  of  th|^ 
cleaning  solvent.  He  should  have  <^yvcred  up  the; 
cleaning  Solvent  when  he  wisi't  using  it.  He  shouldc^' 
also  diapdie  of  the  bil-sbiked  rig  when  he  returns  from 
his  break.  >^ 

Airman  Jonca,  in  sLtuatim  3  Jaliii  to  pitf  |^  tools  1^ 
on-^thi  ladder  in  their  proper  place.  He  alao  left  the  , 
w^yrkbench  cluoerid  with  opei  container8:of  cleaning 
s61v«ht  and  bir.  SxiMbne,  in  <«tw 
covers  laying  In  the  usle  where  they  coufti  be  tripfMd 
oyer  or  daroayd.  The  tooia  left  on  jhe  ladder  should  , 
have  been  sioi^  properly  t  so  thatj^  j 
Kwwone  when  the  Islder  was  moved.  The  contilneri  of  / 
sblvoitind^l  giould  hive  been  capped  to  keep 
perabhnd  from  inhaling  the  iiimes  and  tcUytasp 
someone  from  spilling  the  oil.  / 
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TECHNieAl^  ORDER  SYSTjEM  PUBLICATION  IMPROVEMENT  REPORT  AND  REPLY 


OMB  NO.  3i^R020? 


t.  TO:  (Mmior  CommmmS  or  9^iiivmlmnt) 


2.TOsfQr#tiJMrin4  M«i»{  kmmpcnmlbiUjy 

lor  thm  T  O  .)  '  -  

McClellan -ABB,  C> 


1    FKOM  rOrjn  rmportiry^) 

Great  Falls 


4  REP^ORT  DAT  E 


YR        MO  DAY 


%.  BASIC  DATE  or  T.O 


1  Am  TP. 


•    DATE  OF  T  O. CHANCE     [7    ^AOE  NUMBER 

J=45  


B.  ^araCRa^h  number 


9    FICURE  NUMBER 


t)OC 
iOCNT 


TECHNICAL  ORDER  NUMBER 


IMPbROVEMENT  PEPORT  NUMBER 


f     -y     #  |f    JO  1  1  12  Ml   14   IS   1»  17    1»  !•  20  21  22    21  24  2S  2«  27  2S  29  JO 


St-  -10  1  1  l2|lS[l 


31   12  33  34  16  16   37   36   39  40  41   42  43  44  45 


10.    BRIEF  SUMMARY  O^   OCFlCkCNCY      AND  RCCOMMENDetrCH aNOE  rt>««  connnuafion  •>!••(•  H 

tba  itnpi  fi^  tfce  (-f)  of  Use  vpper  teminal  atrip  to  Uie  (-) 

l^xsiiiali  of  tile  lover  tezmiul  rtrip. 


PHBASE  SHOULD  READ  AS  fOllX^lSx 


i 


l^r^e  atrapa  froa  the  (-)  teninais  of  the  vpper  teminal  atrip  to  the  (-) 
texmlnala  of  the  lover  terminal  atrlp«  v 


It.  RC^RTED  BY  (Initimft  *  Sl0nmw.OAS  mnd  Entmnmion) 


\2   APPRivED  ^y<^up»rvi»Qr'w 
Si$nmturm) 


13.  OUA,LITY  CONTROL  (Signmturm) 


MAJOR  COMMAND:' 
ACTION 


♦  S      (Chmck  mpphcmblm  block)  

APPROVED     Q    DISA  PPR  O  V  E  D 


6   SIGNATURE  (Mmfor  Commmnd  Aulho 


22,    DATE  OF,gi|fl*LY^" 


Rt'l»^ACrifv«i»T©  FORMS  22  A Ho'l^ tJ^^lk.<^^hk  omtoi^wrm 


HguriJ    AFTC)  Firtrm  2C  (ii"il«<»er  for  (.h)«;ilVe%i,3T  oi^r9«;,j|V 


0i4 


014  -  2. 


014  -  3. 


Sft  kmh  thgigfh§e  vi^aM  AFTo  Forms  I  1 0 
for  each  tech  or<fe  wiih,«  rnihiis  {  — )  sign;  he  should 
also  lave  inriouUaJ  ihc  requiqiions  s«nLon__of  «ch 
«d  with  ihc  TO  numbCT,  and  .number  of  the 
requisiiioh.  and  ihe  nuinbcr  of  TOs  rcquititioned 
J!^  Fomi_LL0  cards  for  all  five  xtc^  ordcri 

Ihould  luve  ibedi«ribuiian  record  MCtibn  oh  the  bade 
announcd.  The  minus  i^)ohihc  front  of  each  card 
ibould  be  dianged  tb  a  <+ ) . 
T*«>Pro  Ppijn  1  lO  ai^  for  cad)  UlART  should  be 
•nnowftti  lo  refloct  Ihe  check  >vas  made,  the  date  iiSvai 
made,  and  Sgt  James'  signature: 


018 
018 
018 
018  . 


019  .  I. 


^ork 


CHAPTER  4 

015.1.      a.  R«^ivc  the  jiew  woHier/  Review  his 
_    cxperiancev  eduatibh.^and  training, 
b.  VVcl<»nie  itx  new  worker.  Mike  him  f«I  at  home 

welcome. j^isign  him  his  tools. 
^  Show  in  intcrwtin  Kjm,  Ask  if     is  settled,  having 
P'pbloTO^  Discuss  his  intcress.  badtgrbuhd  and 
f*ini|y. 

d.  E^tpiain  the  work  of  the  lihit.  Outline  the  structure 
o^  the  brgahiaiiibh  and  its  mission.  Explain  where 
he  fits  into  the  struaurc  of  the  unit, 
i'l^roducc  hini  tp_shop  personnel.  Familiarize  him 
-  *  what  .the  others  do  and  the  othm  with  what  the 

_    new  worker  will  be  doing. 

f    Show  him  the  shop  fiybut  and  ayaiJabJe  facilitjo, 
Fimiliari^  him  with  the  equipment  room  and 
"rea  as  well  as  the  snack  bar.  break 

^l^."l^_■''!4_i*ln_nc.  

£•  ExpUin  ihe.  rules  and  regulations:  State  his  duty 
houi5,  lunch  hoor.  brnks.  etc.  Also,  cover  fire 
refulaiion^  where  smoking  is  permitted,  and 
iiiiportaht  safety  iterns. 
^  !9  ■  »hifi.  jif^  poswbicj  assign  the  new 

^^^"'jQ  thc  siyft^ desired;  but  lakehii  abiliiio;  the 
•bpp  needs^  and  the  training  the  svbrker  requires 

 ^  into  the  decision. 

0 1  The  shop-needs  and  new  worker's  needs. 


016 
016 
016  . 
016  - 


1.  a,  c 

2.  b:  d: 

3.  b.  d. 

4.  a,  c. 


017  -  I.      a.  6  In^^  MDF^ 
"7  Inipw  reoprdi. 

4  Cut  grav  ahd  police  arra: 

3  Routine  lelectbrs,  cbhhectbrs.  and  repcators.  > 

5  Clear  and  liibricate  liheTinders. 
^                   2  Install  15  two-wire  droiits.^ 

^  '^*ro"V'P  ciraj[ts^^^^ 
^   ?"oriiy  1---Basc^^^  circuits  affect  the 

mj^l^on  of  the  enttre«bfisc: 

Priority  2— New  drcuiis.  with  a  deadline  assigned 
show  an  obvious  inipbrtfihcc. 
Priority  5-^The  PMis  ire  the  backbone  of  quality 
bf  telephone^ service. 

?^i«»:'jy  4  -_  Cyjjing  the  grass  requires  only  one 
and  thcre  i»a  shoxi  suspense  for  the  inspect ibh . 
^Priority  5-~T>iis  is  a  PMI.  hot  as  important  as  the 
ptiiet  PMIs;  biit  heeds  doing  so  that  the  entire 
raedule  ish'i  deferred 

f  "<>'"y  ^in«P«:«ing  the  MDF  is  an  in-houie  type 
of  mspcaiun  

Pnoriiy  T^lnspccting  rcwrds  affects  ihe  service  " 
less  than  any  of  (he  lisiod  duties. 


020  :  j. 

020  .  2. 
020  .  3. 
020  .  4. 
020  -  5. 
020  •  6. 


021  .  I. 


021  .  2. 


022  .  I. 


022  .  2. 
022  -  3. 


,023  .  1. 


023  .  2. 
023  .  3. 


023  -  4. 


024  •  I . 
024  -  2. 
024  .  3. 
024  '  4. 
024  -  5. 
024  .  6; 


Pefinc  ihcj>ro blem. 
Gel  the  facts. 

Weigh  and  decide  bh  the  bes 
Evaluate  the  action  taken.  T 
the  problem  is  solved. 


ours*  of  aaioh. 

:s  done  to  determine  if 


^  Ail^'M^J^^^fpnnanoc  Rq»rt.  It  is  used  inielective 
retention,  aiaignment  seleaioii.  and  the  Weighted 
Airman  Promotion  Syscm  (WAPS). 

(2)  Skill  Level  Dpgradihg.  It  helps  to  check  on  a 
person's  (overall  training  and  prompt  upgrading. 

(3)  Job  Profidency  Eyajuation,  I  t  helps  to  insure 
standardized,  high  quality  maintenance. 


c. 
b. 
a; 
b: 
c. 
a. 


^  P»LT»s«  of  ibc  classification  system  is  to  match  job 
r«Ju>rcniems  with  people  who  poisess  the  necesnry 
■Pitudesand  abilities  to  do  the  jbbs. 
To  get  the  best  toe  of  personnel  resources. 


Worfe  sati^ctbrily  as  a  7  level  for  a  minimum  of  I 
year. 

SuooMSfully  compla^^^  aiL  VraiJling.  requirements 

including  managoneni  as  outlined  in  AFM  50-23. 

Be  a  SSgt  or  ahove. 

Be  recommended  by  spmlior: 

To  put  pmbhhel  bri  OJT: 

Fbr  rmnimakJmg  iif^^  in  skill  level. 

SaiMaapriiy  ji^prm  in  the  3  level.  sucoestfuUy 
complete  all  training  reqatremeits.  pass  AKT  or  3' 
level  CDC 


d. 
a. 
b: 
a. 
b. 
c. 


\ 


16 

15 
3 

300 
2 
6 


*■  Co rd^  wiper  2 
b-     Cpniact  Assy.  Elec  i 

c.  Double  bog  1 

d.  FiBc.  ind  Aim.  1.33A  iO 
c:     Spring  Auy^  VON  2 

_  Clamp  4 

AF  Form  2005.  l»oe/Tarn-tn  Request. 
The  first  two  idoittty  the  group;  the  nexi  two  identify 
claaics  Svithih  the  group;  the  final  seven  digits  arc  the 
NUN.  ^ 
When  you  don't  know  the  MSN.  From  the -4  tech  order 
for  your  exchange. 


025  :  I.  b. 

025  -  2.  c 

025  -  3  a 

025-4:  h: 

025  -  5:  c 


122 


70 


025  . «. 
025  -  7. 
025  .  8: 
025  -  9. 
025  '  10. 
025  '  11. 

b2Vi2. 


026  -  1 : 

026  .  2. 

027  -  I . 


b. 
a. 

b: 
a. 
c. 
b. 


Action  by  the  ^pcrvifor  to  prevent  violations  of 
organizational  policy, 
a.  Inject  or  check, 
b-  JoWjor  verify. 

c.  Guide. 

d.  Limit. 


©28  -  I  . 
028  -  2 
028  -  3 
028  '  4. 
028  -  5. 
028  -  6. 
028  -  7, 
028  •  8: 
028  -  9, 
028  -  10 
028  -  1 1.  c. 
028  -12,  d. 


c 
a. 

:b. 

dr. 

c. 
b; 
a. 
f. 


029 

-  1. 

F; 

029 

.  2. 

r. 

029 

'  3. 

T 

029 

-  4. 

t 

029 

-  5 

T 

030 

-  1 

030 

.  2; 

a. 

030 

-  3. 

b. 

03  i 

-  1. 

S. 

031 

.  2. 

T. 

031 

-  3. 

T 

031 

-  4. 

S 

031 

-  5 

.  s 

031 

-  6. 

T 

031 

-  7. 

T 

031 

,8. 

S 

032 

-  1 

c: 

032 

-  2. 

032 

■  3. 

a. 

032 

■  4i 

d 

032 

5 

b 

032  ■ 

6. 

d." 

032  ■ 

•  7; 

'  e: 

032  . 

8. 

a. 

032  ■ 

d 

032  . 

10. 

h.' 

033 

1. 

033 

2 

d 

033  - 

3 

» 

033  : 

4 

a 

033  • 

V 

h 

033  - 

6 

c 

To  innire  that  the  right  quality  and  quantity  of 

«<i7rk  li  accompliito   

Tq  inwre  th*t  wpjrk_t$_done_on  t_inie.__ 

To  keep  wutc  and  inefficiency  to  a  minimum. 

To  check  on  work  progres: 

To  detefftiihc  if  work  is  going  according  to  plan. 

To  determine  whether  the  approved  or  best 

methods  arc  employed. 


033  -  7. 
033  -  8. 
033  .  9. 


034  .  I 
034  .  2 
034  .  3 
034  -  4 
034 
034 
034 
034 
034 


g--:  - 

candd.^' 

H; 

STS. 
797. 
623. 
STS. 

A  circle  around  the  proficiency  code. 
pK  wpavisor.  i/^the  JPG. 
AFM  50:23. 
ECl  Fgnn  9. 
ECi  Form  9. 


034  -  10.    ECI  Form  9 

035  •  I 


03_6 


oil  - 1 

,ty37  :  2 
037  -  3 
037  -  4 
037  .  5 
037  -  6 


038-1. 


038  -  2. 


038 
038 
038 


039  -  i: 

03y  -  2. 

039  -  3 

040  -  1. 


04(1  3 


123 


a.  Exiihi  n  c  pn[^(rarh  objeqivei^  paermi  nc  if  the 
prograrh  mectt  your  needs; Jf  iU  the  neocwary  and 
no  .unncceanffx  UaJ  n i ng  is  bei ng  gi 

b.  Examine  training  mcthodi.  Deicfnvinc  if  the 
training:  is  gwed  to  ihdividuaU;  is  interesting; 
invdlm  the  traihda. 

c.  Examine  results.  Evaluate  the  people  against  the 
tasks  they  have  been  trained  on. 


CHAPTER  5 


036  •  2. 


A  functipnai  cjOTeni  of  tiK  oi^aniaation.  r^cfwtblc 
for  insuring  that  Air  Force  materia  is  serviceable 
iifcly  operable,  and  properly  cotiTigurid  lo  meeutbo^ 
mtttidh  requironoits.  .^'^ 
Inspection,  repair,  overhaul.  mo4f/ScaUdn. 
preservation,  testing,  condition  or  performance 
analysis,  and  coj|Apl«ion  of  ja^s  on  a  preplanned, 
scheduled  baAs.      -  "  '^T 


b. 
a: 
b. 
a. 

c. 

c: 


To  Im^ro^'c  maihtenah(^  quality  and  capability,  and  to 

achieve  technician  CO m^    

Training  you  to _uK.K*"^*r_d  ma intCTa nee  practices  to 
comply  with  technical  data^  and  by  periodically 
evaluating  you  by  highly  quallfted  technicians. 
His  supervisor. 

The  supervisor  and  quality ^ntro)  personnel. 
Primary,  follow-on.  and  special 

All   maintenance  equipment  has  been  secured  or 
released  to  arituher  individual  or  creu: 
A  minimum  of  8 
Chief  of  Maintenance 

a    Mainienance_  Superintendent 
b    Production.  Analysis, 
c    Training  Mariagemcrit: 
d  Administration, 
e    Program^^Mobiliiy.  _ 
A  mamicnanc^  supcrvivir  may  be  required  for  iwo  or 
niore  work   centers    In  some  CEM  uniis,  Mrverul 
mairitenance  supervisors  may  be  required 
Telenieir  >•.      phxjj  a  graphic  .      pho  1 1 1  -  o  pu  cs  . 
iiiiiiruiiicniaiiofi    AFRTS  i Armed  Forces  KaUid  and 
Television   Services),   irnining  equipmem.  special 
niairnenaric*^  jcams.   centrali'ctl   if>4ermctliaic  level 
mainienance.  and  hthi}} 


71 


u 

;040  -  4.      L  In^Mipn.  

b.  Pendency  AnaiysU. 
c  Evmia8iion._ 

d.  O^doicy  Jtqpbruiig. 

e.  Techmcil  Ord^  File. 

040  •  5.      Authorized  only  for  uniu  supporting  Minuteman. 

041  •  I,     a.  C^iiility_coniroi.  : 

b.  Maincenanoe  np^vtiion.  , 

c.  Mliniailiice  conux>): 

d.  Mtnutmih  Jntiiulc  aibUs  iffairt. 

b.  Piwluaion  Maly^ 
c  Training  nuuiafement. 

d.  Admtnifinuion. 

e.  PropriifM'iiid  tnbbiliiy. 

041    3.      Maintiminoe  cbmplM  ihcaiu  all  lufT  functioni, 

aoiviuci  <Uim^  pr_  ftmoionally  responsible  to  the 

Ond  of  Hmtmumoc 
041-4;      Miinteiuiiie*^  actlviiiA  _are  radar,  computer. 

coiiimuniciStiohK  -  i^ACE.   havigationsl  aids. 

meteor qlogici^^PMEL.  television,  and  other 

^•wciions.   :  ^ 
04i  •  5.      Major  responsibilities  are.  pianninit  scheduling. 

oontroliing.  and  executing  the  maintenance  funaions. 


046  '  2. 
046  •  3. 


046  •  4. 


046  .  5, 


042 

-  1 

a. 

042 

'2. 

042 

-3. 

b. 

04? 

-  4. 

042 

-  5. 

c. 

042 

-6: 

c 

042 

.  7 

ci 

042 

-  8, 

c 

043 

^  1, 

d. 

043 

-  2. 

e. 

043 

-  1 

c. 

043 

-  4, 

b. 

-  043 

-  5: 

E. 

'  043 

.  6. 

b. 

043 

:  7, 

c. 

043 

-  8. 

e. 

043 

.  9. 

d. 

043 

.  ID. 

a. 

044 

•  1. 

R 

044 

-  2. 

f. 

044 

-  3. 

T, 

044 

-  4. 

T, 

044 

-  5. 

T, 

044 

-  6. 

F. 

<a) 

045 

^  1. 

like  equipment  at  other  installations  and  (b) 
impfovemenu  can  be  made  in  design,  test,  and 
modtfication  programs. 

045  -2.      Caiefory  !  Kepon,    _  _ 

045  -  3.      As  i  cbmbthitibh  Cat^bry  I  Report  and  DULL 

swona 

jS45  -  4-      Cai^o^ \i  Report.  

045  •  5.      A  means  of  obtajningAhe  Air  Force Vc>^ 

quality  of  work  performed  by  contractors  and 

_  specialtzfid  repair  activiiia;   

045  •  6.      TO  deficiencies  are  reported  under   the  TO 

iinprovenient  program. 

045  -  7.      Quality  control. 

046  •  1 ;      The  purpose  of  PMIS  is  io  .disa>vcf  and  fix  a>ndluonS 

which  oould  lead  (o  malfunctions  requiring  major 


046  -  6. 


j046  -  7. 

047  -  1. 

/ 


047  .  2. 


048  -1. 


049  .  1. 
049  •  2. 


.  I. 
.  2. 
.  3: 

.  4. 

:  5. 
6. 
7. 


050 
050 
050 
050 
050  ■ 
050 
050 
050  -  8. 
050  -  9. 
050  -  10. 
050  -  i  1 . 

050  -  i2. 

051-1. 
051-  2 

051  -  3. 
051  -  4. 
05!  -  5. 
051  '6. 
051  -  7 


ofjob  purpose,  a.listing 


PrcycniLyc.  nifintcnance. 
Wurkcards  contain  J^statemeifi^ 
of  all  tools.^  test  equipment.  ;  nd^inaieriah  required; 
step-by-step  ihstniaibni  for  do  hg  the  job.  frequency  of 
the  routine,  time  needed,  and  i>bwer  condition. 
T*^  Chief  of  Main tcnancc.  t^mky  shorten  or  icjigt hen 
ijlLCir>?ls  betwe^  mspcctioM.  but  interval  will  not 
exceed  that  shown  on  work^rds. 
The  three  lyps  of  inspeaions  performed  by  quality 
cbhtrbl  are  U )  tediriial.  (2)  ictivity.  and  (3)  special: 
Technical  inspeaions  ars  made  to  determine  if  the 
equipment   is  being  maintjyned  to   nicct  TO  * 
specificationSr :  Activity  inspections  are  made  to 
determine  the  quality  of  management  of  the 
miinteniiice  acdviiy.  Special  inipectibhi  are  made  to 
provide  maintehahce  ^supci^isors   or  managers 
information   on  ^one-time  situations  of  either 

•dminisiraiiye  or  tec^  nature.  

Quality  control  inspection,  reports  are  routed  through 
supervtiory  dimneU  to  deficiency  analysis.  All  aaivity 
inspeaibn  reports  will  be  additiohally  routed  through 
the  Chi^of  Muhtehaiice. 

A  compl«ed  AfTO  Fonn  349.  ~j 

The  maintenance  data  collection,  system  pr.oyid.es 
Infontiation  such  is  what  job  was  done,  who  did  the 
job.  when  it.  was  done,  number  of  direct  man-hours 
consumed  for  a  job.  why  the  Job  was  heceniry.  when 
the  malfunction  was  discovered  and  what  work  center 
pcrform.cd  the  work  to  mMaferncnt._  _ 
A  job  that  has  a.definUe  beginning  and  end. 
ac^mpliihmcnt  of  which  reqaira  expenditare 
diri|pab6r. 

a.  Admmistratprs  and  ftipc^  are  able  to  analyze 
and  evaluate  theirj^peratigns.  _:  _ 

b.  Work  center  supervisors  are  helped  in  managing 
ibeir  lhdpi  ihd  in  incrKihg  their  effeciency. 

c  Chief  of  Maintehahce  and  staff  use  this  ihfdrmatibh 
manpower  pi'nhing,  forecasting  tool  and 
^9^iP(Tt_cnt  needs,  budget  computations,  and  cost 
an.aj^s.         .    _      _____ 

d.  AFtC  uses  this  data  for  inspection  and 
rhaihiaiinoe  Toquirements  anilysii.  master  repair 
schediiles,  deficiency  analysis,  and  cbsu. 

AFTP  Form  349  and  AFTO  Fj^^  3_5Q._   _ 

AFTO  Form  349  usod  to  all  oQ-equipment  and 

off  •equipment  maintenance  ^ciions.-jmd_  all  work 
directed  time  cbmplianoe  TOs:  ^0^O  Form  350 
attached  to  item  w^  it  it  remov^^nd  taken  lo  the 
shop  or  repair  depot. 

d. 

c.  ^  - 
a: 

b. 
c. 
d. 
a. 
b. 

d. 

a. 

b.  ; 
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\ 


05)  •  8. 

f 

052 

•  1  1'; 

19/29. 

05)  •9. 

052 

•  12. 

20/9. 

\jj  1  •  1  y. 

in* 

052 

•  13. 

24. 

05)  •  11. 

h 

D- 

1  052 

•  14. 

26. 

1 

051  •  13. 

051  :  j4 

h. 

052  •  1. 

I. 

052  .  2: 

3/24. 

053 

.  1. 

e: 

052  -  3. 

B 

053 

.  2. 

a: 

052  4 

5.. 

053 

.  3. 

b. 

052  -  6. 

F 

053 

•  4. 

052  -  7. 

4. 

p 

053 

.  5. 

c. 

052  -  8. 

e. 

053 

.  6. 

f. 

052  -  9: 

25. 

4)52  .  10. 

29. 

054 

•  1.  -2. 

•3.  -4, 

CHAPTER  6 


(cl 


FAOM 

ASSOC  ID 
tINEFlNDER 


FROM 
DiAl  TONt 
TRANSFORMER 


PAR^  GF  PIATC 


R 

p!mE  SW4T-GH 


RELEASE 
SPRINGS 


Y  OFF  NORMAL 
SPRINGS 


X  OFF  NORMAL 

SPRINGS 


Fi^re  2.  Simphficd  opc     ng  aircuii  for  relays  CB,  RD.  and  RT.  (aniwcr  for  objective  054.  exercises  1  through  5). 


055  1. 


0.^6 
056 


056  .  3. 


0.56.  4 


IR.  I 


t  R  =  ^ 
R  I 


80  VollS.   ; 

=  4  ohms.  1^  =  2  amps,  R I 
lamp        R3  =  12  ohms 
\j    =5  arrips. 

=  50  oKm  <, 
h    ~  -^^  amp. 
L4   =  300  ohms. 
Ry  =  20  ohms. 
R,    as  4  ohhis 
£3*3  volis 

=f  38  ohms 

=19  t»hms 


ERIC 


056  -  5: 


t  6  ohms. 


R,  =20ohms: 

1 2  ^  I  amp. 

R3  =  2  i  .4  ohms, 

j  j  =  1  4  amps. 

Rj  —  lOohmj. 


057  -  1  6, 000, 00()  meters^ 

057  -  2.  F    =4  kHz.  X  =  75,()0()  mcicrs  _ 

057  -  3.  F     =  5  MegHz,  T  =  .2  micro*ccond 

057  -  4:  T    =  .02  mlUiJCc.,  X  _=  6,000  meters 

057  .  5  F     =  400  kHz.  T  =  2:5  microsccs 

057  :  6.  F     =  250  Hz,  K  =  1,200.000  meters. 


058  -  I.      Frequency  and  inductance. 
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058  -  3.  Increases. 

028-4.  DecfcsuKS 

058  -  5-:  thcreasa: 

058  •  6.  Decftwio. 

b-  Pecreaa4». 
c.  Decreases. 

,059  -  1.  L«amg. 

059  -  2,  Increas^. 
059  -  3.  Peawcd,__ 
059  -  4.  a.  No  changes. 

b.  Deo^ass. 

c.  Deo'eiies. 

059  -  5.  Decrease. 

059  -  6.      a.  Increases. 

b.  Increases. 

060  -  I.      a.  Electrons. 

b.  Holes-  ^ 
OPO  -  2.      Currenii  flows  freely, 

060  -  3.      Positive  to  P  contact,  negative  to  N  contact. 
060  -  4:      Every  other  aUemations  of  input  volt|pe. 
060  -  5.  Same. 

060  -  6.      Reverse.   ' 

060  -  7.      Evci7^hOTation  is  of  »  ripple  freqMcncy 

is  twice  that  of  input  voltage. 

061-1:      Emitter:  Ejfiia  airreiii  otrriers: 

Base.  Cbritrbls  the  flow  of  current  carriers. 
Co  I  lector^  Collects  current  carriers. 

P^l  -  t-  §n^iucr-baae. 

061-3.      By  ftn  arrow. 

061  -  4.  Base. 

061-5:     Emittiar  (p  ooltector: 

062  -1.      a.  ComnK>n-^se.  ^ 

Common -emitter. 
_  ^  •  Common-collector. 
Q6fl2.     hi  * 
P^i*^'      The  iraiisislor. 

o^ji^lx"  \ca  . 

06i        '  CB.  • 

063  -y  '  '  OC, 

063-4.     €:pc?E.  . 


063 

-  5. 

CC 

063 

-6. 

CB.  . 

063 

-  7: 

CCCB: 

063 

-8. 

C£. 

CHAPTER  7 

064  -  i:  With  the  clip  of  the  tst  receiver  connecied  to  ground 
and  the  test  probe  placed  oh  contact  6T  of  relay  H. 
fin8i"l^ji^Mjd  t>c  H«r^^^  

064  -  2.      With  the  clij)  of  jhc  test  lam^ 

the  test  probe  placed  on  contact  6T  of  relay  H.  yhe  Jesi 
lamp  will  light  brightly  and  flicker  at  a  frequency  of  20 
hertz.  _  . 

064  -  3.      With  the  clip  of  the  test  lamp  obhricctcd  to  battery. 

pjaci  nf  the  Jest  jpro be  to  cb niact  8T  of  relay  H  causes 
lam  p  to  1  i|^t_  its  brightest ,  whi  ie  jouchi ng^  it  to 
contact  It  of  reJay  D  causes  it  to  light;  but  not  as 
brightly:  The  difference  is  caused  because .  between 
c»htact  1 1  of  relay  D  and  ground  is  200  ohms 
resist  a  nce^and  there  is  no  resistance  between  dc>htact  8T 
of  rcjajr  H  and  ^ound^  

064  -  4.      If  the  clip  of  the  test  lamp  is  conneaed  io  ground  an^ 

the  test  probe  is  placed^N^contact  3  of  the  A  relay  of  a 
seizi^  connector  no  Indication  will  be  seen. 

065  -  1 .      The  three  main  components  of^  test  telephone, handset 

a rejj?c_ receiver,  tr a nsmrn^^^ 
065  -  2,      Depressing  the  C  push -switch  rcmgycs  the  transmitter 

and  dial  from  the  circuitry  of  the  test  telephone  handset 

I^ds.  -   

065  -  3.      Depressing  the  R  piish-switch  adds  1200  ohriis  scria 

resistance  ^o  the^at  teiephohe  handset  leads. 
065  -  4.      With  the  tat  ^c|ephone_handset  plugged  into  test  jack  1 

and.  2  of  the  connector 
u  a:  With  the  C  ptah-switch  operated,  the  conneaor  will 

remain  idle. 

b.  With  the  R  push-switch  operated,  theconh^or  will 

A"**  ULP'^^cd.  ihc  extreme  loop  pulsing 
! i ni  iia_of  Jh€_A_  rcJay.  ^<Ji      Lcs^ed .  

c.  With  no  push-switches  operated,  the  connector  will 
  -_  be  seized- and  ready  for  pulsing. 

065  -  5.  Depreuihg  the  R  push-switch  when  tatihg  selectors  or 
connectors  tests  the  A  relay  pulsing  under  extreme  loop 
resistance  conditions. 

065  -  6.  You  use  the  C  push-switch  to  monitor  a  circuit  or  to 
release  a  circuit  you  have  seized. 
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\ 


066  -  la. 


Test  Trunk 

Jack  (Ii^Out) 

Test 

To  bistrSiu- 

Shoe 

tihg  Frames 

066  -  lb. 


Test  Trunk 
Ja^K  Tp  Test 
Distributor- 

Test 

Distributor 

Test  9 
Connector 


066  -  ic. 


Calling  |  

Subscriber 


Dial  Speed 
M<5ter 


Linef inder  ■ 


Dial  Test 
Switch 


Fxrst 
Selectdt^ 


Special 
Second 


Aux  Test 


Cord 


Test  Desk 
Trunk 
Jack  on 
Test  Desk 


066  ♦  2a:^  Thcjuhciioh  of  ihc  1  5V- 1 50V  jwiich  is  lo  connect  ihc        066  -  2d. 
t       desired  amourii  of  lesi  baiicr)'  in  series  wiih  ihc  mcicr. 

066  '  2b.     Tbc  funciion  of  ihc  KRIM  TALK-RING  switch  is  io 
conncci  ringing.curreni  to  the  primary  loft  cord  circuii 
.    ^       when  Iri  the  RING  pt)siiion;  and  cbnnca  ihc  opcraior's 
iransmiiicr  and  receiver  lo  The  primary  icsi  cord  circuii 
when  in  The  PRIM  TALK  position. 

066  -  2c.  The  function  of  ihe  CALL  THRU-TCO  Switch  in  the 
TCO  pt)sition  li  to  cut  off  the  transmitter  f()r 
in/mi  lor  ihg  on  the  test  cord  circuits:  in  the  CALt* 
THRU  pt)siiion  it  permits  the  operator  to  use  the  (|/ie 
equipment,  of  the  line  under  lesi.  to  dial  any  number  in 
ihf  exchange. 


066  •  2c. 
066  -  2f 

127 


Jhciuaction  of  the  RING^REV.^^^^  SW 
position  swiichcs_the  pijmary  and  the  auxiliar>  test 
cord  circuits  wiih.r.c»pK:i  to  the  two  rows  of  lever 
iwitchcs:  in  the  RING  REV  jpt)5itii.)ri  it  rcvcr^tt  the  tip 
.(4-)  and  ring  (  — )  conductors  of  ihe  priniaryj&ha  aux- 
iliary test  cords  in  the  jest  circuit.  X 
The  function  oHhc  OHM  HI  »witch  is  tt/c<)nncct  the 
volt-ohm-mi lliammeter  for  resistance  nl^easurements 
using  the  lighten  rcslsiance  range..  _ 
The  function  of  the  150  MA-BCO  switch  in  the  150 
MA  position  is  to  conned  the  test  desk  meter  for 
riding  current:  in'the  BCOp<)sition  ii  pcrmiis  the  icsi 
t^pcraior  to  use  the  line  cquipmern  <»f  the  line 
under  test,  through  the  test  distributor  trunk,  to  dial  u 


-7D 


number.  Ii  _is  used  in  "conjunction  with  ihc  CALL 
THRU  switch.  ^Sl 
066  -  2g:    The  function  of  the  CT  jwiccff  i$  lo  permit  testing  of 

lirie  capacitahoe  auidmaiically  wiiHoui  using  the  RING  066  •  2i. 
REV  switch.   It   worlcs  in  cbrijuriciibri   with  ihc 

|5V.  |5gy  iwiich,     066  .  2j. 

066  «  2h.    The  function  prthe  HOWL  Ip^ct  swiich  is  t^^ 

Che  howler  to  the  auxiliary  test  cord  circuit  for  use  in        066  -  2k. 
^ — ^  ■   tigoaling  station  where  receiver  has  not  been  replaced  " 


oh  hook.  Operation  io  the  DIAL  TEST  position 
connects  the  dial  speed  arid  piilse  ratio  test  circuit  to 
ihc  auxjljaix  tat  cord  clrc^ 

The  function  of  the  J^A  swUch  is  to  cnabic  the  night 

alarm  bozzcr  when  the      desk  is  unattcrxdcd.  

The  furiciion  of  the  cords  is  (o  connect  the  test  circuits 
of  the  test  desk  to  ihc  various  tot  trunks. 
The  function  of  the  relay  gate  is  io  mount  the  relays 
and  components  of  the  test  circuits. 
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'1©P  IM 

MDF  OUT 

Switches 

Test 

On  Test 
Desk 

Shoe 

Test 

Selector 
Trunk 
Switch  on 


Test 

Test 

Selecto^^- 

GdSieat^r 

o 

6 
6 

0    1  "  1 

Calling 
Subscriber 


Linefinder 


First 


• 
• 

r 


Special 

Second 

Selector 


9 
0 


• 

Selector 

Level 

Trunk 

Switch  on 

Test  Desk 
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067  .  za: 


067  ■  lb. 


067 
067 


Obi 


067  .  2d. 


067  -  2c. 


2f. 


2g 


068  -1: 


d68  -  2. 


068  -  3. 


068 


068  '  5. 


068  -  6. 


I  nc  fonction  of.  the  MDF  IN  swiich  is^  connect  ihe 
test  stioc.  (he  halt'  (hat  iau  from  the  jum|^r  side  of  the 
prqiectbr,  to  the  test  desk  icsiirig  circuit.  I 
T^c  Junction  of  ^  TEST  SEL  t^RK  |w  is  to 
cpnnwrt  the.  telephone,  line  that  a  rcpair^n  is  aiUing 
into  ihe  test  desk  on.  to  the  test  desk -t^Siing  circuit. 
The  fuhcQjpn  of  (he  Release  Permanent  switch  is  to 
release  line  equijpfhent  which  is  held  operated  because 
of  a  permanent  condition. 

ftc  jimction  oOhc  Loop  switch  is  to  condiUon  the  test 
circuit  to  give  a  reading  on  the  test  desk  meter  if  the 
line  onder  tc«  is  shorted. 

The  function  of  the  Tip  Ground  switch  is  to  condition 
(he  test  circuit  to  give  a  rinding  oh  the  test  desk  meter  if 

t^j(P       i^rihcjmc  undCT  test  IS  grounded  ' 

The  function  of  the  Rin^  Bajiery  switch  js  lo  permit 
tewing  for  0  to  150  voJis  of  battery  on  ring. 
The  function  of  the  HEAT  COIt  switch  is  to  permii 
testing  of  the  inside  plant  equipment  from  the  MDF 
through  the  heat  coil. 


The  function  of  the  PRESET  switch  is  to  seize  the 
ail iral  offi a  tat  distributor^ - 

The  function  of  the  AVX  SIG  switch  is  to  cdrihcct  a 
buaer  in  the  alarm  circuit, 

The  funcjipn  of  the  BAT  FAUlt"  SENSITIVITY 
switch  pcnni(s  selection  of  five  sensitivity  ranges. 
The  function  of  the  CAMP  ON  FAUtT  switch,  when 
operated  is  tp  caixse  the  rbutiher  to  stop  and  bring  in  an 
alarm  when  a  fault  is  found.  - 
The  function  of  the  GRD  CALIBvBAT  CALIB  switch 
is  to  permit,  adjustment  of  sensitivity  ,  of  the  fault 
defeciion  circuits  and  is  used  in  conjunction  with  the 

DL-BL  switch:    ^- 

The  funaion  of  the  THOUS  STEP-HUND  STEP 
switch  is  to  permit  stepping  of  the  rota^  access  switches 
to  a  specific  numU^teroup  to  be  tested. 


069  •  2. 
069  .  3. 

069  •  4: 
069  •% 


to  permit  selection  of  a  specific  selector  or  linefinder 
group  Connected  to  the.hanks-Of  a  rotary  accc^  switch: 
The  furiciidri  of  (he  START  switch  is  id  start  the 
routiner. 

T^c  _f unct i o n  o f  the  Fl N p ER  GROUP  lamps  is  to 
indicate  which  Tinefinder  group  of  the  shelf  under  test 
is.  being  tested. 

The  function  of  the  GROUP  switch  is  to  permit 
^selection  of  the  equipment  to  be  tested. 

LQ  permit _selecti on  of  the  type  of  pulsing  used  during 


069  -  1 .      The  function  of  ACCESS  SWITCH  LEVEL  switch  is 


069  •  6: 

069  -  7. 

070  -  l  a: 

070  -  i  b. 
070  -  Ic 
070  -  Id. 

070  -  le. 

070  -  2a. 

070  -  2b. 
070  -  2c: 
070  -  2d- 

070  •  2e. 

070  .  2f: 

070  -  2g. 

070  -  2h: 


grqjlR3  testing, 
T*ir^Qm 


anction  of  the  flt  STP  NO  PRT  switch  in  that 
pbsitibh  is  to  drserigage  the  printer  from  the  rbutirier 
circuits. 

Sciynciion  of  the  Busy  j"w  switch  is  lo  permit  busy 
testing  only  of  the  connectors. 

The  scveit  line  humboii  are  4212.  6661 .  730?;  8678, 
2222.  2356.  and  2471.  \ 
The  Bat tery  Fau It  scnsi 1 1 vj ty  swi tch _  1  s  set  o n  2 . 
The  GRp-LOpP  Fault  sensitivity  switch  is  set  on  3. 
4212.  6661.  8678.  2222.  and  2471  are  in  the  200 

graup:         and  ^^6  are  in  the  1 00  group.  .   

4212.  2222.  arid  2356  have  battery  faults:  7305.8678. 
arid  2471  have  ground  faults.  6661  has  a  short  line. 
Tc5_i  group  I ;  1  i nefi ndcr- f i rst  selecto rs  fa vili_ 2 4 ;  posi ti ve 
side  of  transmission  line  to  relay  A  is  opcri, 
Access  Switch  2.  Fault  13:  ring  txick  tone  not  returned. 
Access  switch  6;  wipers  positioned  On  bank  contact  20: 
Test  group  3;  cbrih«:iors.  Access  switch  15;  wipers 
positioned  on  bank^ contact  21. 

TaiSJoMP  ?i  conneaoi>  F^^     32;  relay  D  should  not 

operate,  but  did.  Access  switch  16. 

Access  switch  1 7.  Fault  15;  reverse  battery  was  not 

received  frOm  the  coriricciOr  o^  answer: 

Access  switch  1 7,  wipers  pbsttioned  on  bank  contact  9. 

Secondary  acc»  switch  wipm  positioned  on  venical 

pr  X  2j  rotary  or  Y  0.  Fault  19;  negative  side  of 

transmission  loop  is  open.       _  _ 

Test  group  4.  trunk  circuits.  Access  switch  42. 
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STOP-  1.  MATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUMBER. 

2.  USE  NUMBER  2  PENCIL  ONLY. 

EXTENSION  COURSE, INSTITUTE  ' 
VOLUME  REVIEW  EXERCISE 

•    '        ,  _         36251  01  25 

^    INTRODUCTION  TO  CAREER  FIELD 

Carefaiiy  reid  the  following:  » 

T^Eh<^ic  the  "course,"  "volume,"  and  "form"  numbers  from  the  answer 
fi^Tet  addresr  tSb  a^tnst  the.  "VRE  ansWer  sheet  xdentification 
number"  i'  the  rlghthaS  column  of  the  shipping  list  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECI 
immediately  with  a  note  of  explanation.  . 

2.    Note    that,  itefc    numbers    on  answer    sheet  are    sequential  in  each 

;  3.    UsiTmidium  sharp  #2  black-lead  pencil  for  marking  answer  sh^ 

~  Write  the    correct  answer    in  the    nargin  at    the  left    .of  the  item. 
'    Men    you  review    for  the    course  examination,    you  can    covjgr  zour 
lEers  with    a  strip    of  paper    and  then  check 

arainst  your  original  choices.)    After  you  are  sure  of  your  gnawers, 
*         tSns?er'?Sm  to^th.  answer  sheet.  If 

on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use ^a 
clean  eraser.       But  try  to  a,coid  any  erasure  on  the  answer  sheet  if 

at  all  possible.  i,    ^  ppt 

5  Take  action  to  return  entire  answer  sheet  to  bSX.  ^  

6  Keen  Volume  Review  Exercise  booklet  for  review  and  reference.  

•t".    irmSSorily    enrolled    student,     process    questions  dr^  comments 
thro5^    your    unit    trainer    or    OJT    supervisor.       -If  ^iuntar|lz 
:       e^iued  Itudent,  send  questions  of  comments  to  ECI  on  EC!  Form  17. 

TT^n't    use  answer    sheets  other    than  one  furnished  specifically  for 

:^lhrinswer  sheet    .xcept  to    fill  in  -^ing^^-^^ 
-aarks  or    e;ccessive  markings    -Which  overflow    marking  blocks 


lllregister  as  errors.  ^     

3^  oJ't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet, 
a      Iv^«•^  nsp  ink  or  any  marking  other  than  a  #2  black  lead  pencil.  _ 
NOTE^  NUM^Se^  ^eIrnSg    OBJECTIVE  REFERENCES    ARE  USED    ON  THE  VOLU^ 
— '    REVIEW    EXERCISE,    in    parenthesis  after    each  item  number^ on  the 
VRE  is    the  LeaPnisg   ^^ective  Number    where  the 
itim  can  be  locate3?    ISen  answering  the  items  on_ the  VRE,  refer 
to    the  Learning  Qb.1ectives  indicated  by  these  Numbers. ^  ^The  VRE 
results  will    be  sent    to  you    on  a    postcard  which  will  list  the 
VRE  items    you  mlsae^;      Go  to  the  VRE  booklet  a^d  locate 
t:h>»  t^ning~"Qb?ectlve  Numbera  for  the  items  missed.      Go  to  the 
text^^inTlareruUFTi^  covered  by  these  references. 

Seviewtfee  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 
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(bbl)    Wh^it  AFSC  must  you  have  to  be  promoted  to  E-6? 

a.  36231.  ^  o.  36271. 

b.  36251.  /  dr  36390. 

(P03J    A  5-akill  level.airman- ^  expected  to  be  proficient  in 
Which  of  the  following?  5? 

a.  All  the  tasks  listed  in  cbl&n  1  that  are  coded  in  column 
3A  of  the  STS. 

b.  Those  tasks  that  ace  coded  r^hd  circled  in  column  3A  of  the  STS. 

c.  Those  taskq  that  are  vLdentified  .in  the  JPG. 
s/'-d^    Ail  the  tasks  listed  on  AF  Form"  797. 

(003)    Study  references  for  your  OJT  are  listed  in 

a^    AFM39*1.  c.    a  career  field  chart. 

b. :  the  JPG  and  STS.  d.    the  specialty  description. 

lo03)    What  form  is  used  to  request  skill  level  upgrade? 


a.  AF  Form  2095.  '  c.    AF  Form  623. 

b.  AF  Form  797.  d.    AF  Form  2096. 

'  (004)    What  is  the  most  frequent  cause  of  accjidents? 

a.  ^Natural  phenbmehaL.  c.    Humsih  error. 

.b.    Physical  hazards.       "  d.    Careless  housekeeping. 

(004)    bhimeters  have  been  damaged  frequently  because  of 


a.  local_ma±ntenance  operating  instructions; 

b.  having  to_ operate  them  according  -  to 'regulations. 

c.  failure  to  zero  the  meter  prior  to^^  testing^ the  circuit. 

d.  failure  to  disconnect  the  power  sburce  of  the  circuit  being 
-  tested. 


(005)  Metallic  chips  and  scraps, of  wire  shoUiS^not  remain  on 
insulating  mats  because  they  could 

^  ?•  ^O^y??^^?^  .^lue  of  the  mat . 

b.  contribute  to  poor  housekeeping  habits. 

c.  eliminate  the  insulating  value  of  the  mat. 

d.  make  the  matting  slick  in  spots  .-^ 


36251  01  25 


li**^*  -'-  '  ^  Which -^tatMeftfc''^^  the  Importarice  of  good  housekeeping 

^^r^T     .  -  ^^^^  cbvira  amd  tiS^t:  (j^^  do  nofefg^t  damaged.  -  ' 

easier  to::>^^  ' 
^  '^.-^i^vV^'^^^  Fewer  accidents,  occur  Items' and  from  tripping 

—  aisles.- 

Oil*  spiiis  do  not  occur  arid  oily  rags  do  riot  have  to  be  disposed  of. 

m^'^t^^^^  -   ^  i  -      -    -   -  - 

•g^rv  :k  9.     (010)    You  need  if  TO  for  a  vafcuum  tube  voltmeter.  To  find  the 
*  -  index  for  this  test ^equipment  1  you  should  use 

a.  TO  0-2-1.  •         '  c.    TO  0-4-1. 

b.  TO  0-1-01.  d.    TO  00-5-1. 

•  L 

10.  (Oil)    Directly  under  the  TO  number  listed  in  an  index  will  be 

a  letter "in  parenthesis.    This  letter  indicates 

♦    ;  a.  whether  the  TO  is  new  or  revised. 

.  i?'^  ^  b.  the  date  of  the  latest  change  to  the  TO, 

.       ;  c.  where  the  TO  is  filed .  ^  ^ 

'  d.  the  security  classification  of  the  TO. 

a*::v''  ■    ---    -  ^         --        -  ■  ■ 

11.  (013)    When  a  TO  deficiency  affects  safety  and  the  mission  of 

the  unit  J  which  of  the  following  improvement  reports  should  you  / 
v;-'  '         submit?  / 

a.  Emergency-.  "       ^        c.^  Routine. 
1;                   b.    Record.  d.'  Urgent. 

12.  ^013)    Which  type  of  report  should  be  used  to  reconmfc^  TO  improvements 
(  for  a  condition  that  could  be  potentially  hazardous  thhe4ijBjh  prolonged 

use? 

V     *         a.     Urgji^nt.  c.  Routine. 

b.  Qaergency.  6,  Record. 

13.  f^'f^^i    Prior  to  filing  a  TO  change,  you  should  'first 

a.    annotate  title  page'V 
.    .  b.    remove  replaced  pages. 

c.  verify  dates  in  raster  index. 

'       d.    verifV  completeness  against  tlae  **A'*^age. 

14.  (014)    Standard  TO  binders  are  labeled  by 

i.  using  AFTO  Form  32.>     -       ,  ^  . 

,      b.  writing  directly  on  the  binder  cover. 

.  c»  using  DF  Form  334. 

^    d.  using  AFTO  Form  110.    ^  ' 


S3 
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3"  ^^S^'.  .  ^ 


'    _  .  .    _       '         .......  ..._*. 

15.  '    (01l»)    Whit  ajrmtSi^  wiH  be  rioted  to  the^l;«f^  of  the  TO  number 

on  the  AFTO  For(ii  3^10  car<|  to  lndj,.cate^  that  i^TO  is  on  file  and 
'        current?  •  '~  ' . -u:^t^    .  ^.'r^ 

.     a^^,  G.  .  .  '     .  .  ci 

16.  (015)    Aa  a  auper\Fi^br part  of  the^Biwparations  for  receiving 
a  new  worker  includes  ^7^'        ' .  ■ 


a  new  worker  includea 
a.    Qtaaignihg  the  worker  toola. 


b.    inquiring  about  the  worker *a  houali^  aituation. 
0.    putting  the  worked  at  eaae.         ♦  . 
d.    reviewing  the  work  experience  of  the  new  Worker. 

17.  (016)    The  moat  i^ortant  conaidera'tion  in  aaaigning  an  individual 
to  a  job  la  the  amount  of  • 

a.  tralMng  ah  individual  tea  had. 

b.  training  .aS  individual  needa. 

c.  tjjiie  in  the  career  field. 

_d.    time  in  the  Air  Force. ^  '  ^ 

■-     -  -     ^        '  •  \^  ^r-:  ^ 

18.  .  (017)    When  making  a  list  of  jobs  to  eatabliah  priorities,  which 

of  the  following  is  inqst  important  initially? 


a.  Arrangement  by  "importance. 

b.  Completeness  ^f.  the  liat. 

c.  Incluaioh  r      bb  deadlines. 

d.  Incliiaion       required  materials^* 


19, 


  _  _  _  .     _  _\      _   _  _'  _  ' .  . 

(018)    Which  of  the, following  is  fche  first  step  in  solving  a  problem?. 


20, 


a.  Determin5§:^he  objective.       c.    Take  action. 

b.  ^Get  the  fVcts.  d.    Define  the  problem. 

 _.    ^  _ '  o  _         ■  _ 

(019)    Subordinates  stt^ld  be  evaluated  for  all  of '  the  following 
except 

a.  job  knowledge.  c.  .^erforSance. 

b.  Job  proficiency.  d.    skill  level  upgrading. 

 .    -    -  '  '  '  -     <3     ■  ' 

21.     (015)    For  skill  level  upgrading,  the  supervisor  should  evaluate 

the  trainee's  performance  a^inst  items  outlined  in  the  ■<s^^ 

a.  CDC.  c.  JPG. 

b.  STS.  "  "   d.  ■  APR.  : 


-PC 
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22.  (bib)    Which  of  the  fpilowihg  subjects  matches  observing^  a  major 
step  in  Evaluating  a  aubbrdinatie? 

a.  AFM_  39-^2. ;    .  V, 

b.  Filling  oyt  .|ierf brmanc  reports. 

c.  In  cbmpiu^ison  with  other  airmen  in  same  ^ade  and  AFS; 

d.  Using  performance  requirements.  "V*^  :^ 

23.  ""(OSI)    Under  the  classification  system*  ^utilization  is  the  management 

of         ,  . 

a.  personnel  resources.  c.    monetary  ^??9u^ces. 

b.  matbriel  resbUrcAs.  training  resources. 

24.  (022)    In  all  cases  involving  mandatory  cSssificatibn  actions, 
who  will  be  a  nonvoting  member  of  a  ciassificatibn  board? 

■  *^ 

a.  Training  advisor.  c.    OJT  supervisor. 

b.  Technical  advispr.  d.    Sectiorx^uperyisor . 

'.-V  :      _    .  '""a  _  _         ■  _    -  .   . .  '    _  j^.   

25.  (023)    What  form  is  used  for  ordering  parts-^ther  thaft^bench  stock? 

"  a.     AF  Fbfiffl  601B.  c . :   AF  Pprm  2b05 .  *C^%f^ 

b.    AF  F<^  797.  AB^'rm  2056: 

26.  (026)    As  a  supervisor,  when  Coordinating  planned  maintenance 
Outside  your  organization  you  should  ^  ,  ^.y  f*^"Sfn^ 

__  -  -  •  ^'^^M 

a.  consult  feHbw  supervisors.  > 

b.  keep  workers  informed. 

c.  solicit  worker's  criticisms.  ^  ^ 

d.  se^k  the  advice  of  your  supervisor.  -^^ 

_"  ■    _     _  __        _     0  -----------  — 

27.  (025)    Coordinating  planned  maifitenance  results  in  b^efits  such  as 

a.  worl^fe  together.  c.    daily  maititenance  planning. 

b.  ^inc^^ftd  productibn.    ^        d.    aTrangirg  resoui^ces. 


28.^  (028)  .  ^W&flteerv'isbr ,  you  hav^e  cbntebl  over  the^most  effective 
:use  of  lrorice^  sk^s.    This  factor^is  mbst  closely  relafe^Kl  to 


a.  .  mbaey  bosts.    W^'^  ■   .  c.  asftteriai. 


;b.    tiime.  '  ,  .  d.  space. 

29.     (029)    Both  the  quantity  and  quaiity^f  work'  performed  can  ^fe 
controlled  bf^  devices  such  as 

■      ___   .  -  ■  -  -  .  i 

a.  production  charts.,  c.    performance  requiriemehts. 

b.  a  pocket, notebook.^'  d.    inspecting  and  checking. 
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(030)    AF  Form  1320  ia  a 


ai ,  training  chart, 
bi    taaic  breakdown* 
Oi    nmintenanoa  date  co^aotion  record, 
d.    cottSinad  operation  and  maintermicjp  planning  activity:' 


(0|1)  A'  reaipbnaibility  of  the  itti^jixa^e  auperviaor  while  conducting 
OJT  is  t6 


a  I  "  etmlua)^^  aai|.gned  trainees . 
bi    Inatrq^j^^  on  actual  equipment. 

ci    teach  t^heor  background  information  when  requiredft; 

d.    develop,  the  Job  proficiency  guide.  ^  ^ 

-     __-_y .  ^  . .  ■   ■      ^-  . 

A032^  When/you  relate  the  job  at  hand  to  the  work  of  the  wh<J3.e 
,  unltj  while  acting  aa  a  trainer  or  aupervisor »  you  are  \^ 

a.  preparing  the  tr<>ihee 

b.  explaining  the  oifewtioh  to  ifye  trainee. 

c.  motivating  the  trainee. 

d.  following  up  the  tr*iiiiee.  > 

(03^)    The  feedback  postcard  received  fromECI  giving  the  results: 
of  a  trainee's  volume  review  exercises  is  ECI  Form  <5* 

a.  9*  '         '  c.  623. 

b.  10.  ^  '       .  2095^  :^         > •  4' 

  --  -  -  ^     ■  .  .  .     ■-  >  ^"x^- 

(035 )_  Which  of  the  fbliQwing  would  not  be  a  major  step  in^  evaluating 
ah  (WT  training  program?     ^  "  ^ 

ai  fcamln^K  tniinjng  ata^^^^ 

bi  ExaminlSg  ti^ihing  methods. 

c.  Assessing  program  objectives.  ^3 
d^  Assessing,  program  results;  '  ^ 


(037)  What|leveJ;  of  maintenance  provides  te^hni^al  ^ly?sist 
to  the  using  organization?  (         ^       ' y  ' 

a.  Depot. 

b.  Ihtermediate.. 

c.  Organizational.. 

d.  .  Maintenance  perrormed  by  a  7-level  worker; 

(038)  FSH>  stands  for 

a.  Hahageaent  System  and  Equality  Program. 

b.  Management  Supervisor  and  Evaluation  Plan; 

ci  HBLintenance  Systcuns  and  Svaluatibh  Pr^  ^  - 

d.  Maintenance  Standardize tl^on  and  Evaluation  ^Program. 
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37.  (dUl)    Refer  to  text  figure  5-1.    Which  of  the  followinj^^^not 
a  major  staff  function  in  the  maintehahee  complex? 

a.    Administration_.  c.    Maintenance  control. 

hi   ^^^ib^ility  conti^.'  d.    Mihutemah  missile  cable  affairs. 

^  *  ** 

38.  (042).    DeWtrTehcy  analysis  4s  a  subf unction  of 

a.  maintenance  supervision.       c.     job  control. 

b.  maintenance  control.  d.    quality  control. 

39.  :  iokz)    The  function  that  acts'^s  ah^ intension  of  the  Deputy  Commander 

for  Maintenance  is  ,    ^  ^ 

a.  Quality,  eontrol.  '  .       c.    maintenance  control.  ; 

b.  maintenance  supervision.       d.    training  management.  .  ' 

40.  (042)    Job  Control  is  a  par|  of- 

a.  quality  control.  c.    ihateriel  control 

b.  production  analysts.       "       d.    maintenance  con:r^. 

41.  (042)    The  st^ff  function  that  inspects  paihtenanee  acticans  for 
evaluation  purposes  is  v 

-       y  I-  ^         '  -  ■         '  ■ 

a.    quality  control.  ^c.    maintenajpce  control. 

*  b.    maiptenance  supervision.       d. ^  job  control. 

42.  (043)    The  staff  support  funcjbif>n  thit  examines  maihtehahCB  repprts  is 

a.  .  administratibh.  (2.     training  manageffletrt.  . 

b.  production  .Analysis.  .  d.   'programs  and  mobility. 

43j^^.(D43)'  Which  staff  support  function  prepares  and  submits  maintei^i)Ce  . 
/'^  reports.?  ^  -  '  ' 

a.  Production  analysis i  Ci  Administration. 

b.  Training.,  nan^gement.^  Programs  and  mobility. 

44.    (0445    The -^p^udtion^  cojitr^l  aSivity  respcnsible  for  controlling 
repair  cyci^^^ets  is  :    ;       ^        %  - 

'  •4— --■     ^        ■  '   *  .      -  ' 

a-     PIFH.  ^     ^  cj.     RACL.  ' 

-"^^b.    .RPC.         '  p     MRTS.     ~  ^J^    :  \ 

45 i    (044)    Which  of  the  following  rn^ans  "not  reparable  this  station?" 

a.  Di™.  /  c.  .  RACC. 

b.  RPe>s^"^  ^  NRTS. 
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46.    (045)    Materiel  deficiencies  that  are  not  ir  conformance  with 
appiirabie  standards  are  reported  by 


a, 
b. 


EUNRs. 
HUMRs. 


c.  SF  3^8. 

d.  AFTO  Form  62. 


47 .     (046 )    Maintenance  that  consists  of  inspecting ,  cleaning ,  and 
lubricating  equipment  periodically  is  considered  to  be 


preventives 
priority. 


c.  routine. 

d.  uhscheduled. 


48.    (046)    The  purpSSe  of  a  maintenance  inspection  guide  is  to  provide 


a.  maintenance  schi^ules. 

'  b.  work  instructions.  

c.  an  inspfUBtibn  checklist  only. 

d.  work  procedures  and  inspection  instructions. 

p..  _._  _   _        '     '  .  . 

49.  (046)  ,  Maintenance  Inspection  time  intervals  may  be  shortened 

by  the 

a.  maintenance  control  officer. 

b.  Deputy  CoMander  for  Maintenance. 

Ci  group  coimnand^r .  v  i;v 

d.    wing  commander.  ^    -  , 

  ...  .  .    .  ..  ..  ■   

50.  (055)    Which  of  the  following  shows  the  relation  o?  current ,  voltage 
and  reaistaiice  in  a  DC  cirrait? 


51 


E  s 


b.^ 


E  = 


d. 


(056)  In  a ^series  circuit  with  four 
one  of-  the  devices  burns  out? 


what  happens  if 


a.  The  remaining  three  receive -a  greater  po^^^iph  of  the. voltage- 

b.  The  voltage  ^^op  across  each  unit  remaihstfl^  same  as  tSefore. 
Ci  None  of  the  units  operates. 

d.  The  three"  unaffected  units  continue  to- operate. 


4 


8 
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52.     (056)_  The  formula  for  determining  equivalent  resistance  of  two 
parallel  resistances  is 


a. 


_  2 


R^  X  R^  Ri  * 

53.  (055)    When  solving  for  current  or  resistance  in  series-parallel 
circuits,  the  "  • 

.  -    -  ---   ------  -  --  1'-  "  >  / 

PS^f be  computed  firsts 
b.    series  leg  should  be  computed  first, 
c;    computation  of  both  legs  are  made  simultaneously, 
di    computation  can  be  made  in  any  order.  - 

54.  (0^7)    What  are  the  two  main  characteristicaT  of  alternating  current^i 


a.  Constant  amplitude  and  periodic  charige  in  directioni 

b.  Periodic  amplitude  and  unidirectional  flow.  

G.  Varying  amplitude  and  periodic  reversal  of  direction, 

d.  Bidirectional  amplitude'and  periodic  flow. 

55.  (b5t)    Which  of  the  fbllqwing  terms  indicatek;Jthe  number  of  cycles 
of  Ae  that  occurs  in  one  second?     '  . 

».i^^*Frequency.  g*<>   RM^  value, 

b.    Amplitude.  d.  Reversals. 

56.  (058)    Requirements  for  generating  a  seif-ipduced  vol^tage 


a.  coil,  qqre,  and  relative  mot ;Lon.:  '   

b.  conductor,  magnetic  field,  and  relative  mo tiori|#,:- 

c.  electromagpetic,  conductor ,  and_ siiprings. 

d.  magnetic  field,  siiprings,  and  relative  motion.  *  ^ 


^ymboi  3Cj^  placed*  by  a  cbmponent  In.  a  circuit  schemStic^ 

a.    inductor  resistance;.  c.^  inductive  reactknce. 

^b.    capacitor  resistanoe.  d.    capacitive  reactance. 


58.     (059)'    The  amount  of  electricity  a  capacitor  can  store  depends 
on  its 


a.    dielectric,  the  difference  of  the  plates,  and  the  voltage 

appiied^__   ....  '^^■v 

b;    lAate  area,  distance  between  the  platetf,  and  the  dielectric. 

c.  dielectric,  voltage  applied,  and  frequency. 

d,  plate  area,  ilielec trie,  and  the  frequency.        4         _  ^ 
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59.    (059)    As  the  frequency  applied  to  series  capacitors  is  increased^ 
the 


'  "  a.    current  will  decrease.  c.    total  reactance  will  increase, 

b.    current  will  increase.  d."  total  capacitance  will  increase. 

6b.    (05^)    As  the  frequency  increases  in  a  series  RC  circuit, 

•    _      ■  :   1_  _'_   _  "   

a.  capacitance  increases^  c.    capacitive  reactance  increases. 

b.  ncapacita$ce  decre^es.  ^    capacitive  reactance  decreases. 

61..    (060')    A  full -wave  solid  state  rectifier  circuit  r€lquires 

a.  two  dickies.  c.    center  tapped  transformer. 

b.  load  resistance.  d.    all  of  the  above. 

62.    (060)'  'If  60  Hz  AC  is  applied  to  a  PN  Junction,  the  resulting 
current  will  be  ^ 


a.    pure  DC.  ci     120  pulses  per  second. 

6b  pul^tfS^^pfe^  Second.        ^  d.    60' Hz  AG. 

63.  (060)    How  Mty^the  output  polarity  of  the  full-wave  solid  state 
rectifier  b^, reversed? 

^         ^*  Reverse  the  transformer  secondary  leads. 

r  "i.  b.  Ground  th^  secondary  center  tags.  ^ 

0.  Reverse  the  load  resistance. 

d.  Reverse  toe  diodes.  i 

64.  (061)         an  operating  transi^t       approximately  ho\rf?.mtifch'^f  the 
entttw*  current  reaches  the  collectoi!,?  «>    :  ^  . 

.:_     ■   ■  ^  p..  ■ 

a.  100  percent.  tj. 
bi    95.  perciiW.v  d. 


65.  (061)    Whdh  element  of  a  tribde  JuiiO«|^^^PKstor  is  reprei^^nted      t  ^ 
by- an -arrow? 

■        ^  ■ 

a.  Emitter.  c.  ebileotor. 

b.  Base.  d.    Case.  ,  ■ 

66.  (061)    Which  of  the  following  is  the  normal  way  to  bias  a  transistor? 

"_1    _    1    _         _  -  

a.  Emitter-base  forward^  base-collector  forward. 

b.  '  Emitter-base  reverse,  base-cbllectbr  fbrwar<f. 

c.  Emitter-base  forward,  bMe-colledtor  reverse."^ 

d.  Emi,tter-base  reverse,  base-coiiebtor  reverse. 


'°  90 
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67.    C061)    The  tranaiatbr  amplifier  dlrcuit  shown  below  is 


68. 


ft.  an  NPN  cbamdh  base, 
b.    a  PJgP^cdidtiion  base.\^ 


an  NPN  common  emitter, 
d.    a  PNP  common  emitter. 


(062)    In  a  cowm^^^ 


^Jamplifier  ciriStiit,  there  is 


a.  power  gain  oT  or. 

b.  voltage  gain  le^ 

c.  hi|^i_ input  and  output  ^resistances. 

d.  phase  reversal  between  input  and  output, 

_  _  _  •    _  K'-  -  - 

69*    (064)    The  test  lamp  is  Constructed  as  a 


72. 


a.  parallel  circuit.  c. 

b.  series-parallel  circuit.  d. 


series  circuit, 
resonant  circuit. 


70.  (064)  On  some  test  receivers,  the  test  probe  comes  equipped  with 
/  ^     a  removable 


a.  series  resistance^ 

b.  series  capacitance. 


c^  parallel  resistance, 
d.    para^el  capacitance. 


71.  ( 


off: 


Which  statement  best  describes  the  purpose  of  a"  central 
test  desk? 


a.  Used  for  testing  cable  pairs  and  subscriber's  end  equipment. 

b.  *  Used  for  testing  all  circuits  passing  through  the  central 

office    MDF.-   _ 

c.  Used  for  line  and  equipment  tests  from  a  central  location/ 

d.  ftJsed  for  testing  ail  switchboard  circuits  and  cable  pairs. 

(066)    With  ail  lever  switches  in  their  normal  or  nohoperated 
position,  what  is  the  maximum  voltage  ran^^  of  the  type  1  test 
desk  multimeter?  W 


a.  P  to  150  volts. 

b.  0  to  300  volts* 


c.  0  to  450  volts. 

d.  0  to  600  volts. 


V 


(066)  th^  installer  repairman  calls  into  the  type  1  test  desk 
for  line  checks  through^ the 


a.  tesst  desk  trunk. _  w 

b.  test  trunk  to  MDF.^ 


G.  Ih-Gall_ circuit . 
d.   Out-call  circuit. 


74.  (067)    Operating  the  MDF  OUT  switch  permits  testing,  through  the 
test  shoe  and  protector,  a 

a*    cable  pair,  by-passing  the  heat  coils.. 
*  b.    cable  pair,  going  through  the  heat  coils. 
\'         cable  pair  id  series  with  the  carbon  block. 

cable  pair  or  .^ipperi  byrpassing  the  heat  coils. 

75.  tXoSli    An  installer  rep|Lirman  gains  access  to  the  type  D  test 
:'^ealc  for  line  tests  by  means  of  a  V 

a.    selector  level  trunk.  c.    test  distributor  trunk, 

test  selector  trunk.  d.    test  connector  trunk. 

^  ------    ^'  -   -  - 

76.  (068)    The  line  insulation  routiner  tests  for  line  insulation 

faults  that  are 

a.    beXbw  preselected  niaximum  sensitivity  values. 

DW    above  preselected  maximum  sensitivity  values. 

o.    below  preselected  miriimthn  sensitivity  values, 

d..    above  preselected  minimum  sensitivity  values. 

.  ^-  ^       "  _ 

77.  (068)    On  the  insulation  routiner  test  panel,  operating  the  PRESET 
lever  switch  of  the  line  isolation  seizes  what  central  office 
equipment?  ^ 

a.  Test  ccj^nector.  c.    Selector  level  trunks 

b.  Test  distributor,.  d.    Specftal  second  selector. 

78.  (069)    The  automatic  equipment  routiner  has^a  capability  of  testing 
how  many  different  test  groups?  * 

a.  3.  ::  5.^. 

79.  (070):    How  many  digits  does  th^  printout  "tape  of  the  line  insulation 
rbutiiier  contain?  ,       >  -srr  *  «  ^ 

b.  7.      .    .    •      ^  -       \       ^-^9^  .  - 

-  _  .  -  t  -  .    ■  .  'V 

8ci.    (070)    The  laSjt  ^J^ife  P^  the-*j[^  ihsfei^tipn  routiner  printout 
is  a  code  for  ^h^^^  4^  sj^il 

a.    fatiit.*'    ^  test  sensitivity. 

-  "       b.    central  office.  <        ^-^'^•r  connector  hundreds  group- 
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Preface 

RJNDAMENTAL  are  ewcntial,  as  a 

'?'5$^'^^^'?^^-_^^P^^  thing  is  that  people,  after  attaining  1 
forget  the  importance  of  that  foundation. 

In  the  Inisih^  of  pixyviding  telq>h6ne  so^be^  ^dameotals. stare  us  in  tS^  fac^ 
almost  daily.  Most  of  the  maihtenah<x^acadhs;tafo  day  deal*  with  relays  and 

iwitchcs.  ;  ^/ 

overview  of  basic  telephone  principles  as  well  as\  insolation  fiindamentals  and 
familiarizatibh  on  the  oparatibn  and  maintraance  of  the  AN/FTA-IS  manual 
tei^>hbne  ^tem. 

Boiihd  as  a  8q>arate  suf^leixie^  to  thi^vbliOhe  are  seven  foldbuts.  Whenever  you 
are  rdlerred  to  these  foidouts  in  the  text,  peoe  Girn  to  the  nippie|g|pt  and  iooite  the 
one  called  for: 

if  you  have  questions  on  the  accuracy  oPcurrency  of  the  subject  matter  of  diis  text, 
or  recbihroehdatibhs  for  its  im(nx>v^nen^^  dittrf  to  SAAS/THPOXU,  Shq^pard 
AFB  TX  7638^NOTE:  Do  hot  use  the  stjggestibh^n'dgraih  to  subont  cbrreftiohs  for 
tyf^sgfaphiaiPoT bthe^  effdrs.  ^  * 

If  yott_  have  quo^ons  bn  ^^^^^^olhsmit^^m^i^i^my  or  oil  any  of  ECI*s 
instmctionai  aids  (Y our  Key  to  Career  E^^]o|:^ru^t^^  C^ecdve  Exercises, 

Volume  Review  Exercise,  and  Course  £»unimtid^(X)mult  your  education  officer, 
trataihg  officer,  bri^CO,  as  apprbfyriaie.  If  he  canxanswer  your  quotibhsi  send  them 
tb|ECI,  Giihter  AFS  AL  36118,  preferably  bh  ECI  Form  17,  Student  Request  for 
Aisistaiicx. 

Hus  volume  is  A^ued^at  33  hopi^  (H  pointed 


Material  in  thi$  volume  is  tecfafticalh^  accurate,  adequate,  and  current  as  of 


Dec- 


einb'fer  1978. 
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CHAPTEIt  1 


that  foUans 
foUbwiag  ilM 

review  the 


NailE:  in  thfapittttte  nl^ect  Htter  ip  dtfcloj^  liy^Mrta  of  Laumii^  CH^tectlvei,  ERcb  of 
i  111171  andis  tm  ^^iti^        Eadi  sets  a  learelag  goal^jM.  the  text 
>e         jroa  tt»  teftiTBatloii  yol  Wflsd     riiloli  ttal  poil.  Tte  wterctiei 
gtre  yott  a  check  on  yov  acUevmM.  Whca  yov  cooipiete  tlfeB*  see  if 
icp  In  tlM  back  of  this  volane.  If  yo«r  rMpoie  to  aa  exardte  b  lacomci^ 
▼e^  Its  tC3ct.  ^  . 


RELAYS  DO  IT  ALL!  Think^bbut  it  for  a  piinute. 

drcuttry  that  works  without  at  ieast  one?  Tfaefdnn; 
thing, is,  we  donH^^iink  al>but  rela)^  in  our 
bdsin  w  of  providkig  telephpne  maryi 
tend  to  doncerh  ourselves 
selec^inrcdnnMtdis,  re^ai 


is  simpie;  relays  are  relL 
t^^ispn  is  clean  you!  Me?  Y6j 
properly  adjusting  relays  along 
nimufacmired  relays  are  the  reasons  that  relays  are 

rcliabicc  ^   _  _  _  

in  thb  chapter  we  deal  with  thetwojypes  that  we 
Percent  of  oim-  time  on .  The  fiiit  secSdn  is 
about  the  Automatic  Electric  relays  ^t  we  {ipd  in 
.  our  Strbwger  step-t^-stq>  excbanga.  The  second 
s^dbn  d^L|  with  the  Stromberg-Carlsdn  relays 
found  in  the  X Y  exchange  and  in  the  AN/FTA- 1 3 

™*y**l_y5j^l'^?^^         :  ^  _  _  -        _ :  _   

in  each  section  ^  discuss  rcslay  c»niponen^ 
ihterpretatibn  of  relay  ad^usdneht  speciflcatibhs^ 
use  of  adjostment  tobU  and  tist  equifmetit,  an^ 
how  the  varibus  adjustments  affect  other 

adjtisteiOTts.^    JC_  __ 

fteiays  operate  in  k  specific  way  because  of 
ciiitait  yahatiohs.'^^  relays  operate  on  Mgocific 
mininnin^value  c^^currau.  The^j^^ast  jajWred  1^ 
detern^^'  the'  constructibn^"^  leliq^or 
exam^e^  spring  is  tensiehcd;  therefore,  ieveral 
spriAgs  piabed^^i^tber  on  a^  relay  f^pvide  a  load 
th^t  is  an  accuniulatibh  bf  tli«  tehsibh  bf  the 
indjvidaal  spring  jnbig^^tfthe  diree^ j^>iings_^^ 
assembly  (also ^iH^a^deup)  each  havc^;;^  grams* 
tension,  the  spring  Ipad  _against  the  askkciatttl 
armature  is  i  5  gnum.  Ilie  current  in  the  relay  nust 
be  sufncieht,  then,  tb  develop  a  jriagheti9>held 
ivhich  is  strong  eno^  to  pull  jh< 
this  15  grams*  load.  JlerDembcr 
relay  as;  !_  og^^^^l^ 
windings  isof  sufftcim  value  tor:^ 


efin 

A^n, 
skill  in 
ith  well 


-thc\ 

to  move  u>ward  the  cor^;,^^9*f)||^.^l]y  bpe^ti^ 
however,  the  armature  mtisf  mbyt^ifficiently  itom 


1 


its  uhbpehited  positibh  tb  close  all  of  its  jQorimiiy 

contacts.  Ileiay  types  are  identified  by  ^dieir  action. 
A_iiiar:^hal  rel^  or  :^j^_-acting  leliiy  pulls  its 
to  the  core  munedii^iy  after jhe  relays 
iting-xircuit  is  i^ompleted  and  permits  the 
L_  ^_r«tOfe  Widiqut  ^anj^  ^4el|Lli|er_the 

 iting  drcoit  is  opened.  This  maigioa]  relay 

c^Nnttes  whm      ^urm  _raud^  a 

specified  operate  value;  it  remains  operated,  also, 
while  the  cuijeiit  decrease  tb  ahbtber  spediied 
level.  At  this  dme^  v^en^the  gtrrait  fas  dcCT^ed 
tb  ttejreLNise  value,  the  relay  armature  restbres._Tbe 
dine  diffeitnix,  la^  betwec&jfe^  di^one^^Jhe 
relay's  opierating  ddSait  and 
is  so  slight  that  it  is  Iwvl^^'ticeable.  In  certain 
OBR^,  a  retey  may  needja^^utite  time  delay  for 
either  its  operations  or  ^|sp^^  The  ooiUand-bore 
Pl^^|tnte;|ibh  usually  ^l^les  this  time-delay 
feature:  .^i^ .  -    .  ;  ' 

r  l^L  Aarto^ipdc  Eiacttlc  R^ys 

AutpRiatic'lElect^c  rel^  are  aiuay|gral  pert  bf 
the  SiTovinBer  Central  ^ice.  Coi^S^g  all  the 
bffibo  maintaihed  by  the  Air  Fbrce^^ii^^bw  tliBt 
there  ire,  thdiipands  of  combinatibnsfljrfTOay  coiB, 
contaa qmngs,  and^^K^ntings  useobi 'thousands 
bf  circuits.,  Fprlunately  fqr  the  stud^  and  the  twf  * 
man,  all^  relays  are  t»9ed^  cm  the  same  ge^^[|al 
pnhcipla. 

relay  can.be  oQnitnRSteijtd  opm^  ai  titttjH' 
slow  speeds'^^ieHmoviiiqg  i^o  or  more  contact 
brings,  and^t^in^placed  in  a  jj^  which  is 
i^dily 
mbi 
horizoj 
plate. 

proba|>ly  p^nui 
the  arnxature  movement 
in  the  assembly  i^^pear  as  left'  an^  r^t 
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rg^»|rman.  :lt  om  Jbe 
springs  testing  on  a 

cbnfac^  springs  dfiPer 
Qpe  of  mpuil  ting 
Lvitatibnai  ^istttno^  to 
e  comact  sp^liiig^foanks 
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single  winding 

Figure  1  - 1 :  Siiiile-wbuiiid  relay. 

the  hbrizontally  mounted  relay.  Vertiail  mounting 
9^1^^  J*J?£^P^5mits  t^^^  with 
their  thinnest  edge^facing  thejDp  of  the  equipment 
frame;  thus  they  offer  l«s  ari»  for  dust  coUation; 
The  conmct^anks  in  the  vtntical  mounti^  a^ettlbly 
are  identified  as  top  bank  and  bottom  bank  of 
contacts. 

^^•„^Lt^  J  picture'  Qf  aa  Antomitic  Electric 
reiajt  identity  selected  conpoiieiits  ud  state  the 
fbiictlbii  of  each. 

A  rSlay  includes  four<tnajor  paorts:  ie  frame,  the 
<»U.L^die:  armature,  and  the  spring  assembly. 

Frame.  The  frame  supports  the  other 
cbmpohehts  and  offers  little  Opposition  to  the 
mixliani^  mov^  spring. 
Also,  it  is  constructed  of  a  metallic  material,  such  as 
soft  iron  or  silicon  steel  to  insure  reliable  relay 
operation.  This  metallic  material  allows  a  ma^etic 
field  easy  passage.  Therefore,  following  a  rapid 
f^'^l^L  f?^?^i9?*_  jctura  tp  a  hqn^ 

nonmagnetic  condition  rapidly  after  the  electrical 
sui^elias  Ixscn  tchninaioi;  A  frame  (als^  to 
as  heelpiece  or  heel  iron)  may  be  consoiictc^  to 
support  one  or  more  relays. 

Coll.  The  coil  insists  of  manj/^  tiums  of  fine  wire 
wound  upon  a  core  made  of  a  material  that  ^s  easily 
^9^1  turn  is  insulated  ti'bm  thi  other 
by  an  enamel  coating.  The  succesive  layers  of  the 
winding  are  usually  .separata!  by  layers  of  thin 
insuladng  paper.  The  cdmpletoi  coil  is  ojvered  by 
insulation,  ^acll  reiay,  as  a  ^result,  of  this 
^?s?R9^9n»  Jl_  l«s  likely  jtp  be_^«:ted 
moisture.  A  fiber  dbc  at  each  end  of  the  coil  holds 
the  wire  in  place.  A  lead-but  wire  from  each  end  of 
the  coil  connects  to  terminals,  thus  becoming 
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A.  SINGtE-WODNDLCOU^MST  ACTING 

B.  COli  WITM  TWO  WINDINGS  • 

C.  DJF««J*riAL  TANOEM-WdUNb  €011 

D.  CONCENTXtC-WOUND  COIL  WITH  NON-INDOCTIVE  WINDING 

Figure  I  -2. "  Relay  symbols  for  telephone  circuis:  ^ 


SLOW 
ACT 


Figure  1  -3.  Slow-acting  single- wound  relay  syiiibob. 

attachment  points  for  the  power  source.  There  ar^ 
several  different  methods  of  placing^ the  wir^  the 
core.  The  method  used  depends  on  the  pfflrdcuiar 
^IjiMiLo  5^  which  _  the  relay  scrycs.  Wc_,  ^t«ient 
ihformadon  about  thoe  developmental  pfoS^urcs, 
since,  you  may  uhderstaiid  ti\c  relay's  Operaubh 
bet^r  if  you  have  some  knowledge  of  thb  oDirs 
development 

The  sihgle-wbuhd  d:>il  has  one  winding  as 
iiiustnited  in  figure  1-1.  On  a  ^chomuc^^  they  are 
often  reproeoted  as  shown  in  figtoe  1-2»A.  This 
SI*  bf  coil  Js  ni<Mt  of^  u^  fast-operating 
rel^.  The  range  of  operating  time  am'viy  from 
about  8  to  ;30  milliseconds.  This,  of  course,  wiii 
^^P?1^_?P9'^  relays  is^U«Si,  the  jmbU^^ 

of  current  in  the  circuit,  the  turns  in  die  coil,  the 
immj>^bf  com  br  stacks  and  their 

gap  settings,  the  type  and  setting  of  raidual--^l  of 
these  af!«;:t  the  bp6ratibh  of  a  relay. 'The  exact; 
combination- must  be  ^n^Uy  inigineefed  into  the 
unit46~meet  the  requirements^ 


i^i^iy*A_cbil^  at*  allPi  used  to  produce 
slow-acting  rel^  of  three  general  types:  slow- 
actihg,  slpw-bperatihg,  and  slow- releasing.  FigUrc 
1-3  shows  a  method  of  reprcsenting^theM^  rei^  on 
a  schematic^  The  relay  operating  time  delay  ranged 
from  35  to  200  millisttx)r^^^  time  is 

determined  by  the  circuit  opposition^  the  power 
Lhput,  tfe  ntimbCT  bf_^^^^  the  spring  tehsibh, 
etc  A  procedure  use^l  in  Relaying  the  operming 
time  of  a  relay  has  been  developed  by  enginears. 
They  pla^  a  ^p^r  slecwb  over  the  o^tc  of  the  relay 
({ig.l>4)  to  make  the  relay  _slow  acting  (slow  to 
bp^ratB  and  jlow  to  release^  The  cbfslper  sleeve  acts 
as  a  huge  turn  of  a  secondary  winding  which,^  the 
current  is  building  up  in  the  magnet  coil,  opposes 
the  conc^tration  of  the  mapetic  field  in  the  c»re 
for  a  short 'time  (until  the  oirrent  has  reached  a 
maximum).  When  the  circuit,  is  bpeiied  and  the 

 MTH  OE  MAantrrc  flui  roii  nzLMv  with  sutvt 


Rgurc  1  -4 :  Magnetic  field  response  at  relay  with  copper  sleeve. 
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MTM  Of  MAftNCflC  ri.UX.fOn  nCLAV 

.  WITH  Sku«  (Mt  ahmatuhc  (no 


MTH  or  MMNCfIC  rtUK  rOA  ttClAT 
vrTH  tlU9  OM  HCCtPircC  CNO 


CLEAfC  CONOlTlON  (tO) 

A 


Figure  1  -5.  Copper  ftlug  effect  bii  i^ephone  reUyt: 

magnetic  field  Is  ^llapsing;  Jhc  vol^e  induced 
into  the  copper  sleeve  opposes  the  change  in  the 
field  and  teiids  to  jteg)  the  fiel^^ 
previous  level.  Tht  delay  in  the  release  of  the  relay, 
as^a  rmit  of  this  field  induction,  may  rarigc^uj)  to 
250  mlliswxsnds:  A  relay  with  a  sleeve-encased 
core  operates  more  quickly  than  it  releases. 

A  copper  slug  placed  at  cither 
alsa  causes  a  delay  in  the  relay's  operating  and 
releasing  time.  Figure  1-5, A,  can  help  explain  the 
dpcratioh  qfa  cqH  with  a  single  winding  raed  as  a 
slow-to-opcratCL  relay.  A  copper  slug  placed  at  the 
armature  end  of  the  core  develops  ail  dppdsitidn  to 
thej^QMUuion  of  the^ magnetic  field,  thus  Testricting 
armature  jnovcmcnt  tcrnporarily.  Wh^n  the 
magnetic  ficld_i^ch«s  its  maximum  level  of 
strength,  the  opposition  diminishes  and  sufficient 
force  is  thra  avwlabjc  at  the  anmture  end  of  the 
core  to  attract  the  armature..  The  size  of  the  slug, 
number  of  turns  in  the  coil,  amount  of  J^r^ 
numbCT,^d J«istivc  for^  of  the  contact  springs^ 
all  of  these  affect  the  operating  time  of  this  relay. 
Tlirae  relays  caji  be  a^iMted  to  ^^^  A^  ^ 

200  milliseconds:  Release  time  is  also  delayed  by 
the  actioh  of  the  slug,  ranging  from  50  to  170 
iiiilliiecohds. 

Slow-tc^relMac^rclays  arc  buih  with  the  slug  at 
the  heel  eftd  of  Jhc  coil,  where  opposition  to  the 
magnetic  flux  field  is  slight  when  the  relay  is 
c^rati^  (see  fig.  1-53):  Operate  time  can  be 
oigineered  to  vary  between  10  tp  95  milliseconds, 
The  h«l- end  slug  Iub  rgrwtef  df«n  o^^ 
rel^se:  It  <an  be  designed  to^ delay  the  coiiiqpse  of 
the  magnetic  field  for  from  25  to  250  millisecdnds. 

Many  of  the  Te]sys  found  ih  our  equipment  have 


tandem  winding  ; 
Figme  1>6.  Telephone  relay  with  undon  windings. 


Figure  I -"7.  Nonindociive  winding  for  leiephone  relay. 

two  coils  wound  Oh  the  same  core:  A  tandem- 
wound  coil  consists  of  two  (half-length)  windings 
plac«l  end  to  end.  The  heel  end  is^knov^  ^ts  the 
first  wjndingand  Is  connected  to  terminals  1  and  2. 
The  armauiii  cndi  or  second  winding  is  connected 
to  terminals  2  airf  4  when  it  is  desirable  for  the  coil 
to  be  operated  from  either  winding.  Tandem  coils 
have  been  symbolized  oh  circuit  drawings,  as  shown 
in  figure  1-2,B.  A  tandem  coil  can  be  used  ior 
operating  a  relay  using  differential  principles.  For 
this  pur^sc,  the  battery  is  connected  to  terminals  1 
fflid  4;  thus,  the  two  windings  create  magnetic  fields 
that  ojjpbsc.  IllusOTUdn  C  of  figure  1:2  has  been 
iiscd  to  Identify  this  type  of  reiay  In  schematic 
diagrams;  and  figure  1-6  presents  a  view  of  the 
wiring  prbccdiirc.  i  _ 

Concentflc-wound  coils  consist  of  two  windin)^ 
wound  one  over  the  other.  This  relay  hp  also  becii 
referred  to  as  double-wound:  The  inside  winding  Is 
connected  to  terminals  1  and  2.  The  outside,  or 
second  winding,  is  <»hhccted  to  tcrmjnal^^^^ 
Normally,  a  concentric-woand  relay4s-reprcsentcd 
on  a  schematic  by  a  symbol  similar  to  thatiised  for  a 
tahdefm  relay.  In  some  insanc«,  a  concentric- 
wound  relay  is  represented  by  a  symbol  as  shown  ih 
figure  1  -2,D,  This  addiudnal  v^hdii^ 
it  is  a  special  ooiistruction:  It  is  wound  to  produce 
no  magnetic  effect  To  achieve  this,  the  wife  is 
doubled  back  as ^hown  in  figure  1-7,  looped,  ^d 
then  connected  to  terminals  3  and  4.  The  magnetic 
fields  created  by  the  anteht  in  the  loops  are  in 
opposition.  In  cffea^  then,  tlw^  cancel.  Nickcl-- 
silver  wire,  which  has  a  high  resistance,  is  ^cncn^^ 
u^,  since  fewer  turns  arc  needed  than  when  cop- 
per wire  is  used.  This  type  of  winding  is  used  jjri: 
manly  ih_  a  circuit  that  fields  hi^  to 
limit  the  direct  current,  yet  needs  low  opposition  to 
low-frcijuchcy  voice  currents.  You  ma^M*  a  circuit 
where  the  nqninductivc  winding  is  used  to  suppress 
SjMrks  which  are  developed  it  relay  contacts. 


l4-r^  ^  >  !  ^      Ki  ^  


t^T^ — ^ — db — cb^ 


DiriMrl  winding 


F^ire  1-8.  Multiple  windings  for  telephone  relay; 


^3  . 


Figiini  1-9.  Mul^pl»>wduiid  doib  symbol. 

Relays  Uuit  hav«  the  winding  wound  in  parallel 
are^  pjip^^^^  in  jelephone  transmission 
drcuits.  The  two  windings  are  wound  side  by  side^ 
simultaneously  formiiij  jwo  _  inde|«jident  c^ls 
which  ate  identiol  in  ^etpect  to  number  of  turns, 
resistance,  and  mductahce.  B  of  figure  1-2  also 
symbolizel  this  type  of  relay  in  ttlephone  schematic 
diagrams.  Figure  i-8  Ulustrates  the  difTerehce  in 
looping  pro  with  cbnobntric  aiid  t^u^llel- 

wound  coils.  * 

The  core  of  a  rhuldplc-wbund  relay  is  U-sh2^)ed 
and  ^h  i^Juura  single  winding.  The  winding  of 
one  terminates  at  terminals  1  and  3^  whereas  the 
wihding^pf  the  other  leg  attaches  at  tentiinals  2  and 
4:  Figure  1-9  shows  the  symbol  for  this  type  of 
relay.  A  multiple- wound  relay  has  h|ui  jimit^  use 
txi^u^  of  the  unique  constructlQp;  It  is  used  only 
in  special  circuits. 

Anutwe.  The  metallic  annaturc  pivots  on  the 
frame  and  is  attracted  toward'  the  core  which  is 
magnetized  by  tlM  oiirent  in  tlw  This  ann^ture 
is  constructed^f  soft  iron,  to  lessen  the  pnssihility^ 
of  its  retaining  a  magnetic  force  after  the  current  in 
the  coil  has  been  rediiwi;  or  it  is  construct^  of 
silicon  steet  which  operates  on  a  small  energy 
input  A  permallc^  armature  permit  a  relay  t^^  be 
f^t-operating.  Each  armature  usually  has  ji 
prbt^irtiye  finish  of  zihc^  nickel,  or  chromium.  A 
pin  ^^ns  tiie  aniiatw  to  a  reminer,  yotc^  or 
mounting  plate  andiservcs  as  a  bearing  which  gives 
.the  armamre  rnpreTi^^dom  in  pin 
is  durable  and  allows  a  mihiipum  of  side-pl^:  The 
mouhtihg  device' is  attached  ud  tl^  frame  with  one 
or  'jnore  sciTi^._pc^^  it  ui 

possible  to  make  some  adjustments  in  the  space 
l^^^tviH»m  frame.  Armatures  are  ^ 

several  tyf)«  Some  may  be  .mounted  at  either  end 
of  the  core.    ^  ^  \  ^ 

Fi^tre  i-iO  illustrate  a  staiitol- lever  armature 
and  a  short-lew  anim  As  yoli am  set  in  figure 
1-lb^,  the  standard- lever  armature  has  a  rado  of 
^jprbxiihately  2.75  to  1 ;  that  is  tfe  lew<m(Ms^^ 
from  tte  armanu^  to  &c*  contact  bmmper)  a 
^ro3amatcly-2.75;tim«  as  long  as  the  armature 
(mcasurcd^^^f^^  piyoi:P9An^J^  „^_^i5*^ 

screw).  This  gives  the  contact  springs  a  mechanical 
advant^e  of  approximately  ^2. 75^  to  I  jii  respect  to 
ttei  armature.  Thii?,  the  contact  springs  on  a  relay 
with  a  ^addard-lever  armature  will  release  very 


quickly.  For  this  reason,  the  standard- lever 
aitnatufe  is  m&i  on  fast-operating  relays.  As  you 
can  see  in  figure  I-ICB*  the  short-lever  armature 
^asljatio  of  ai?proximatcly  I  to  I.  In  thwxasc^ 
length  of  the  lever  (measured  from  the  armature  to 
the  cphtad  bumper)  is  £^>prbximately  equal  to  the 
length  of  U^annature_(^  from  the  pivot 

point  to  the  residual  s(trew).  With  a  1  -  to- 1  ratio,  the 
concoct  sprinp  are,  linable  U)  nestbre  the  armature 
undl  the  magnetic  field  has  died  down  to  a  low 
\rAlue.  Thus^  the  contact  springs  on  a  relay  with  a 
short- lever  armature  will  release  rather  siowiy:  For 


YOKE  SCREW      ARMATURE  CONTACT  SPRING 


ARMATURE  LEVER 

A.    STANDARD  LEVER  ARMATURE 

ARMATURE  BEARING  ARMATURE  CONTACT  SPRING 

^YOKE  SCREW 

STATJONAJRY  ./    ^  CONTACT 
YOKE         CONTACT     /  _^SPBING 
CLAMPING      SPRING     /  ^^ASSEMBtY 
WASHER  ^  / 


ARMATURE 
LOCKNUT 
RESIDUAL  SCREW 


ARMATURE  >  CONTACT  ^^^^ 
BACKSTOP         BUMPER  TERMS 


ARMATURE  LEVER 

B;  SHORT  tgVER  ARMATURE 

■Figure  1-10.  Telq>hone  relay  armaturp. 
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this  rcasdh,  the  shdrt-lcvisr  armature  is  used  with 
slow-acting  relays, 

___Tll'?.:  ^rniaturis's  fhovcmcnt  is  limit^  by,  the 
strength  of  the  magnetic  field,  the  resasmncc  of  the 
operating  circuit,  the  currentJn  the  coll,  and  the 
load  of  thcjpririg  assembli^.Thc  iritcrrelatioriship 
of  the  first  three  of  these  four  controlling  feature  is 
close,  as  ^ou  know  from  studying  the  fundamentals 
of  electricity.  You  should  remember  that  the 
current  of  ahy^  circuit  is  determined,  by  the 
opposition;  a  Jargc  resistance  results  in  a  small 
current,  and  more  current  is  indicative  of  les 

increase  in  ^rrent  through  a  relay  coH  results  in^a 
strpriger  mairictic  field;  and  this  ficl^  in  ttirn, 
aus«  the  arni atur c  to  bc_*J^?ic^_  "iPfc  forecfu  I  ly . 
Relay  armatufes  win  have  some  residual  magnetism 
the  cne^izing  force^  is  removed.  Therefore,  to 
keep  the  arni|£ture  from  touching  aocrsticking  to  the 
coifs  core,  a  nonmagnetic  raidual  plate  is  attached 
to  the  annatare.  Some  relays  have  a  small^tsk:jw 
to  adjust  the  gap  (scjferation)  between  the  armature 
and  cortuj;]^sj3W^  screw  passes  throu^ 

the  ahnatare  at  the  point  directly  opposite  the 


i  MAKE 


I  BREAK 


BREAk-BR|AK 
Figure  l-I  I,  Arrangement  of  relay  contad  springs. 
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B 
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S  >cD  E 


.  Figure  1  -  ]  2l  Typ^  of  oontacu  for  telephone  relays. 


allows  for  qu|ck  adj 
should   never.  b< 
cohsideratidn  of  i^ 
knowing  if  the  adjc 
NOTC:  If  the  roiyj 
far,  the  arrriature 


^i^*"  P/      9drc,  FbllQwin^  adjustmeht,  the  screw 
is  locked  in  pjacc  v^ithi^lpcknut.  Changing  thc^p 
changes  the  relay  rele^'^me.  This  residual  screw 
f*^r*^^'       J^^  juijiistmeht 
made  without  serious 
(Xfnsequehces  and  without 
ent  is  rsilly  necessary, 
lal  screw  were  tunied  in  tod 
igvemcht  would  be  insuffi- 
cient to  force  the  contact  bumj^r  or  pushers  ah 
adequate  distance  to  ^ake  or  break  all  contacts. 
^  r^l^y^L^^^  y^At  c^te^    tcK)  far  out  may  not 
keep  the  armature  from  sticking;  thus  the  relay's 
release  would      imfk>ssiblc,  ^ 

in  design  and 

construction,  but  regardless  of  their  developrpent 
y^cy  all  do  the  sarhc  thing.  They  prevent  the 
armature  from  ronarning  against  the  core  after  the 
current  is  remdvSd  from  the  circuit. 

Spriag  AajciiiMy,  Assbciat^d^wftty  the  armature 
are  one  or  morjfc  contact  springs:  You  should 
f!^ll^^e,  tcK3^  U^^^  movemeht  of  the  armature 
must  be.  sufficient  to  overcome  the  opposition  of 
the  springs  within  the  spfing  piieup.  The  spring  are 
usually  of  nickel-silver  c^m^bsitiori,  which 
provides  adequaUL  spring  tensioji  to  permit  the 
r^^jr^^^^PPr  Tlic  th«c  springs  is 

^  like  that  of  a  switch:  When  they  are  for^  to  move, 
fficy  close  or  open  electrical  circuits.  Each  spring  is- 
insulated  from  thcother  1^  mcSiri^  of  a/ibdr  s^ccr, 
and  in  order  to  control  the  contact  effectivencs,  the 
artnaQire  miut  move  the  spri^  the  desired 

position.  The  springs  are  arranged  to  form  four 
basi c^^  of  spring  combinations: 

•  Mdce:  •  . 

•  Break.  - 

•  Break-make  

•  Make-before-break: 

Figure  L-  I  I  depicts  spring  combihatidhs.  The 
term  "make"  refers  to  a  pair  of  conscts  whose 
switching  action  (c6mplct«)  the  controlled 

circuit  when  the  relay  is  opcmted;  hcn«;  thiKC 
contacts  are  called  normaliy  open  contacts.  The 
term  "break"  refers  to  a  pair  of  contacts  that  are 
normaUy  touching;  the  operated  relay  opens  them; 
^^•"^lA^or^j  circuit  being  controlled  is 

incomplete.  The  break-make  operation  opens  one 


ioo 


A  B  C 


Figure  1-13.  Prognasive  w^r  of  relay  cbniacis. 

controHwl  circuit,  while  simultaneously  complctmg 
another  contrdllcd  circuit:  The  make-1?cfore- break 
arrangement  is  sequential  actidh;  one  Gqntrdllc^^ 
circuit  must      odmplctiw  an  associate  cir^ 

cuit  can  be  opened.  This  lacter  action  is  very  ricccs:' 
sary  in  |hc  dial  telephone  eqUipmcn  circuits,  since 
a^clcphqne  ^ll^uld  not  progress  without  it.  Ex- 
ample: the  succ^ing  cquip|jhent,  a  cbnnectdr  for 
instance,  must  return  a  potential  to  tihe  preceding 
aquipmcnt  (selector)  if  the  call  is  to  be  cdmpletcxi. 
This  action  is  done  by  a  rerai^which  [s  constructed 
with  makc-beforc-brcak  contacts  in  the  spring. 

assembly.  l_  ,  . 

In  some  combinations,  the  spring  is  fbrccd  to 
continue  moving  for  a  short  time  after  thc^ntaets 
touch,  as  the  cbritacS  meet,  the  armarare  forces  the 
ttiveling  spring  (svsringer)  to  travel  a  little  further, 
placing  a.  how  in  the  stationary  spring.  -Frotn^is 
mating^  of  thcxdntacts  and  with  the  accompanying " 
^#  contact  "follow,"  tfie  cpntaos  rub  together  to 
provide  a  sclf^clwning  qff«%  This  action  insures 
good  clectriral  contact  /  _  :  ___  ^ 

The  contacts  on  the  spring5f*f  assemWy  are 
made  of  Jold,  $ilver,  tungsten,  silver  alloys,  or 
alloys  of  platinum,  and  quite  ofteh^ic^latwl  wjih 
cadmium  or  nickcL  This^construai9n  makes  them 
more  durable  under  the  conditions  where  they 
operate.  When  contacts  cither  complete  orx^^n  a 
circuit  there  is  likely  to  be  sparking.  This  is 
Specially  true  in  a  circaiit  which  iiK  ^ 
^  relay.  The  voltage  at  the  relay  contacts  of  such  a  low 
rsistafncc  circuit  at  the  time  of  closure  may  be 
negligible  when  compari^  to  the  voltage  rfiat  could  * 
be  dbserv^  when  the  contacts  open.  Two  rejaspn^ 
for  diis  si»rking,  effect  are  these:  ( I )  cgntaa , 
separatidn  b^ns  slowly  (2)  the  speed  of 
contaa  movement  Increases  as  the_CGritacts  get 
farther  apart.  Also,  thc^llapsing  magnetic  field  of 
the  core  sand  coil  induces  a  voltage,  in  ah  effort  to 
keep  current  in  the  relay  djwaUng  circuit:  The 
result  df  th<^  conditions  is  that  the  contacts  get 
burned  or  they  vaporize.  Pits  or  buildup  do  not 
nec^sarily  .mean  that  the  Jife  of  die  contaa  is 
endc^.  The  ojntacts  are  formed  as  discs,  ba^^  or 
points  and  arc  attached  td  thejprings  by  spotr 
welding.  Figure  M2,A,  illustrates  the  pointed 
contact;  its  taate,  1-T2^B,  shows  the  bar-shap(sl 
(also  referred  td  as  crdsspoint)  contacts;  and 
1-12,C,  picture  the  disc  contacts, 


4or 


The  size  and  shat5e  of  contacts  depend  largely 
upon  the  mechanical  wear  td  which  they  arc 
subjected  arid  uFk>n  the  energy  to  be  controlled.  In 
cases  of  severe  operating  conditions,  the  contacts 
are  mide  large  eridugh  to  take  care  of 
riiariufacturing  variations  in  location  as  well  as 
contact  alignment.  For  example,  _4_ point  contact 
may  be  majted  with  a  disc  contaa,  or  two  bar 
obntaos  may  be  mated.  In  most  cases,  the  useful  life 
of  a  relay  is  determiried  bj  the  life  of  its  contacts. 
The  contaa  materiaLmust  be  free  from  corrosion, 
as  corrosion  acts  like  a  high-rcsistanos  film  on  the 
cdntact  surface.  Contacts  must  also  be.  able  to 
withstand  die  clcarical  wear  caused  by_  arcing  and 
must  be  sufficiently  hard  to  limit  the  wearing  away 
td_  a  minliriam:  Contact  protection:  (spark 
suppression)  tiicuits  arc  used  tdproloing  the  life  ^o^^ 
cdritacts.  Figure  l_-13,A,  pictures  normal  bar  and 
disc  relay  contacts;.  1-13,8,  reveals  pits  that  have 
dcvelbp«l  as  a  result  dfafcing;  and  1-13,C,. shows 
cdritacts  that  are  in  need  <5f  replacement  Th^e 
latter  contacts  have  been  vaporized  until  the  metal 
of  the  springs  can  be  seen:  Figure  1-1.4  illustrates 
contaa  pitting  and  the  associated  buildups^  B  o^^ 
figure  1-14  shdws^a  buildup  with  a  sharp  pointvthis 
ty^  of  defect  has  resulted  in  a  mechanical  Idckirig 
action  following  thc.^lpSinidgthe  contacts:  Many 
relays  arcj»ristfuaca  with  twin  contSpts,  a  contact 
on  each  arm  of  a  Y-shaped  contact  sprifi|Lthtis  each 
contact  act^  irideperidcntly.  If  one  arm  and  its 
as&dciate  contacts  fail  to  function  bccaiise  df  Jrit, 
corrosion,  etc.,  thedther  contaa  cstti  completrthe 
opcratidri./Twin  contacts  also  can  provide  ^'higher 
current  carrying- capacity  thari  can  a  siri^c  contact 
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Contacts  and  spring  arc  usuaiiy  given  an 
.  identical  number  Springy  num^^^      is  ricifessary 
because  without  it  the  repairman  or  any  other 
iD^crestcd  person  woiild  find  it  inconvenient,  to 
^identify  the  specific  device  which  he  sc»ks. 
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Exercise  (200): 


1 :  lndcniif>'  the  parts  in  figure  1-15  nriarked  with 
lettered  cal louts  in  the  space  provided  and  state 
the  function  of  each. 


EKLC 


A;  Spring  ^seinbly 

B:  Heelpiecc\* 

Armature  yWi 

p.  Pivot  Pin 

E.  Airl  ine  or  Air  Gap 

F:  Resi^al  Screw 

'G.  ArmdVbre 


H.  Coil 

I:  Armature  t.ever  Arm 

J.  Armature  Ann  Backstop 

^-  Copper^ Slug 

L.  Terminals 

M.  Armature  Yoke  Screw 


Figure  1-15.  Strowger  horizonul-typc  rcJav  (obiectivc  200,  eurctae  1 ). 
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iSOCIATLD  DHAWlNGti 


EXPLANATION  OF  TERMS 

-  INSIDE  OH  AT UR_C£blQ_WU!lOlNC 
•  OUTSIDE  OR  IIEEL  END  WINDING  SA 
OW  t^DPJCRATE^  -ftLOW  TO  RJtLEASE 
-^Sl^f  TO  RELEASE  SO  -  SLOW  TO 

.T  E  RN  AT  ING  CUR  R  ENT  _W  -  BR  ASS 
^SHmJiEtWCEN  COIL  li  HE£L_ PIECE 
-  OPERATE  NO_-  NON  OPERATE  VALUES 

-  RfSmUAL  ADJUST4i1ia<rr  VALUE 
:ST  VAfcUES  ARE  FORJNS  PECTION  ON  LY 
IADJUSTMENT-VALUES  are  FOR 
IJUSTING  ONLY  _ 
IRBENT  IS  SHOWN  IN  AMPERES.. 
SISTANCE^ALUES  ABE  FOR  4«V 
TTERV  i>OS  .  TEST  WlTii  POSIT iVX 
*TTERY  TimU  RESISTANCE  OF  TEST 
t  NEC;  .  TEST  WITH  NEGATIVE  - 
.TTERV  THRU  RESISTANCE  OF  TEST 
T 


TEST 
>'QH 


HESIg'fANCK 


HEADJ  TEST 


HOP 


I ;  UBT.W1TH  BOT«  WINDINGS 

INSERIES 
2:  tESfLWlTij  IfERTiCAL 

MAONET  INSERIES 
);  TCSt-WiTU  BOtARY 

MACNETJN  SERIES 

4,  NO  1  WINDINi:  tOX)PERATE 
NO  1  SPRING  ONLY 

9.  8PRiNCSi4£fI)  ONLYMAKE 
CO^iCT  ON  OPERATE 

-  •.XWTC    

BOTH  TESTS  MADE  ON  NO  I 
^CSt  IS  FOR  NO  1  SPRING 
ONLY  _  _  ^ 

CONNECT  RESIST AnCC  - 
ACROSS  TEST  JACKS  1  li  2 

5.  SHti^EVERAkM  RESm 
MIN  .0015  MAX  .004 


REAM  TEST 


,Qi4M 


Jim. 


TESTING  INSTRUCTIONS 


HKSla  TO  UEMiN  ;O0iS",  mA^  IMH" 
PCS  TO  SPG  3  OF  RLY  A, 


.*it  APP  SUPERSEDES  "W"  APP  AFTER 


POS  TO  bPG  2  OF  HLY  U 


"X"  APP  SUPERSEDES  APP  AFTER 
5-27-42 


POK  TO  VLa>4.  SPG  4. 


NEGTOCAM  SPG  I 


DOUBLE  Arm  relay 


GEN.  SHORT  TEST  JACKS  3  li  4 


WHILE  TESTING 


STANDARD  Ami 


133       13S       I40|  141 


RELAY  Adjustment  sheet 
1 


P.A.X.  SELECTOR 


CIRCUIT. 


CKT  H-51301-A     l|  SHEET  |T" 


AH'205212'A  ^ 


Figure  I>I5:  Auforriafic  etedric  relay  adjustment  shoet. 


1  m 


ERIC 


201.  Given  ft  relay  adUoBtnient  sheet,  interpret 
^  selected  portions  of  It. 

The  rela>^  installed  in  teiephone  equipment  are 
nc>t_  often  ch^ed  i^ividUaUy  ^K^iise  they  are  a 
part  of  a  circait  "rating  the  .circuit  reveals  the 
condition  of  its  cbmpbhents.  For  instance,  if  the 
teste  ^rfonnwi  on  a  given  circuit  ^cvcal  no 
symptoms  of  trouble  it  is  s^e  to  assume  that  all 
cpjnjwh^nts  of  the  circiiK  arc  iwcting  their 
requirements.  Of  course,  there  are  many  reli^  and 
cpmpk)hents  used  in  some  circuits  and  any  one  of 
them  could  oiuse  the  ciroitt  to  faii:J]>ne  i^vantage 
of  using  relays  in  tclq^hbnc  equipment^  however,  is 
that  the  1^1^  arinatun»  a^^  Pfac^^Uy  the  only 
movipg  parts  within  the  equipment:  These 
'arm^res  move  only  a  few  thousandths  of  ah  inch; 
and,  in  so  doing,  th^  make  orj^r^  ^the  associa£d 
contacts.  iTircuits  are  affected  by  the  actuated 
conta^.  Particlw  of  dus^  ^Lnt^^ 
can  limit  or  prevent  the  operation  of  such  circuits. 

Actual  practice  has  shown  us  that  a  mihimurh  of 
maintenance  is  'required  with  re[ays  when  ^e  is 
exerted  in  keeping  the  telephone  ^jiuprh^t  area 
cleah^Relays  hdld  their  adjustinent  for  jqng 
of  time  and,^f  left  undisturbed,  ,iequire  little 
maihtehahce.  There  is  a  gradual  deterioration,  but 
*  manufacturers  are  aware  of  this  and^  make 
allowances  for  it  There  are  only  two  cases  when 
you  may  find  it  necessary  to  <^i>:_^?y  r^^aj 
adjustment.  The  first  situation  occurs  when 
equipment  ^Is  to  work  pr<g*?Jy_.  and  the  l^nd 
exists  when  t8ts  rev^l  that  there  is  a  disovpanqMn 
the  relay  adjustmeht  vsUue.  Relays  can  be  adjusted, 
but  iidt  itipaired,  while  installed  on  the  ^uipmetit 
You  can  change  the  armature  travel,  spring 
alighiheht,  ahd_  contact  s^dhg;  but  if  the  nslay  has 
a  broken  spring  or  grounded  coil,  you  must  replace 
the  assembly.  ' 

Before  we  mention  relay  adjustment,  a  few 
words  pfiiawtipn  jirc  i^^  _ypu_aiK)uId  never 

touch  relay  adjustments  unlras  tests  indicate  that  it 
is  na^osary  to  do  so.  You  must  use  extreme  care 
wten  wqrkm^^^  telepjidne  <^uipment,  because 
tools  dragging  on,  or  unintentionally  hitting  a  relay, 
ihay  kncHCk  it  outj>f  acQmtm^  The  failure  of^such 
a  rel^  may  disrupt  one  or  more  circuits  in  the 
telephone  ^terh  or  equipment. \^ 

Relay  adjiistitient  is  divided  into  two  major 
classifications:  electrical  and  mechanical.  Electrical 
l^j^tment  consists  of  applying  ipecifi^  A'Pi^tinjs 
of  current  to  the  relay  while  observing  its  operation. 


The  value;  of  thde  currents  are  similar  to  thosQ 
applied  to  the  relay  under  actual  operating 
cdnditidris.  The  mc^hanical  adjustments  consist  of 
gauging  and  tensioning  of  springs,  spacing  and 
aligning  of  cbnou:^^  and  alining  the  jnj^^ianical 
parts  of  the  relay:  Actually,  the  mechanical 
adjustments  are  performed  to  cause  the  relay  to 
fiinction  on  its  specified  oirrent  values. 

Reiiy  Ad||atiBeJit  Sbeet.  The  relay  adjustment 
sbeet,  figure  1-16,  contains  a  wealth  bf^ 
infdnration;  but  ydu  Iwyc  to  be  ^ 
the  information  in  order  for  it  to  do  you  any  jood. 
The  adjustment  sheet  has  four  (4)  major  cblumhs 
plus  NOTES  and  EXPLANATION  OF  imMS 
blocks.  The  majoriijliimiiarc  RELAYS,^PRING 
GAUGING,  TEST  FOR,  arid  TESTING 
iNSTRUenONS   

For  each  circuit,  connector,  repeater,  etc.,  there 
[sji  sheet  or  of  sIh^  that  maJce^up  the  relay 
adjustment  sheet  We  start  at  the  left  side  of  a 
^Lcal  adjustiheht  sh(^  and  move  to  the  right 

Relays,  This  column  lists  the  relays  that  make  up 
the  circuit  you  are  working  on;  Under  die  relay 
designation  you  find  ah  R  number.  This  is  the 
number  of  the  h6elpi^  as^mbly.^low  the  R 
number  is  a  D  number.  Tlie  D  number  is_the 
number  of  the  coil  that  k  used  for  th^^^ 
No:  1  and  No:  2  (if  the  relay  has  two  winding)  and 
the  ohmic  "Valua  that  follow  them  indicate  the 
resistance  df  the  individual  winding  of  the*  coi\ 
listed.  To  the  right  of  the  relays  information; 
^^§^<6eh  J^ts  and  the  riext  (^Uu^  is  the  rosidual 
screw  setting  shown  in  thousandtls  of  an  inch. 

_  Sf^^-  column  you  find  a 

dniwing  of  the  reli^  contacts  for  a  fsirticular  relay 
(Oi*  ^'^3Jj  ^^dti(«  that  the  contacts  for  rday^ 
and  £  are  shown-on  the  right-band  side  of  the 
column;  wbi  le  the  B  and  F  i^lay  cphtacts  are  shdwi|^ 
on  the  leftt  This  indiiaa»  what  side  of  the  assonbly 
the  spring  contacts  are  located.  The  A,  C,  and  E 
relay  cdnttic^  ai^  nUriibered  fibril  ^  oentcM 
to  the  left  (outsideX^  you  look  at  the  assembly, 
whereia  the  B  and  F  relay  contacts  wrc  numbered 
from  the  center  of  the  asmibly  to  the  right 
(outtide)  of  the  assembly. 

The  contacts  shovm  for  relay  A  in  figtu'e  1-16 
indicate  that  with  a  ,006  inch  ^ti^j^laoBd  b^een 
the  riBsiduai  screw  and  the  core,  contacts  1  and  2 
break.  For  practical  pHirpc^  you  use  .005  and 
.007  iji^h_^ug^to  ch^k^this  adjostment:  Widi  a 
*bd7  gauge,  inserted  contads  1  and  2  don't  break; 
with  a  .005  incb  puge  inserted  th<^  do.  It  works 
thit  berause  the  :005  inch  gauge  allows  the 
armature  to  travel  further. 

For  cphtads  2  and  3^  which  are  make  contacts,  a 
.005  inch  gauge  inserted  between  the  residual  screw 
and  the  coil,  ooes  not  allow  them  to  make.  By 
inserting  a  .003  Inch  gauge  contacts  2/and  3  should 
make:  1 


9^ 

Take  a  look  at  the  spring  gauging  cotomn  for 
relays  C  and  E;  to  the  right  of  the  contacts  and  their 
adjusunent  specifi^tions  is  a  minicolurftn^.with  a 
three-piaoB  number.  This  number  indicates  Sn 
thousliidths  of  aii  inch  the  stroke  /cqU ircment  foj- 
.  that  relay:  The  stroke  is  the  distance  between  the  tip 
of  the  ahhature  r^idiial  screw  and  the  coil  core, 
when  the  armature  |s  at  normal.  This  column 
sorhctinics  contains.  jiotes^Jndicating  SLA  (short 
[ever  f^amre)  or  "X"  APP  (X  applicauon,  wh^^ 
refer  to^  specific  issue  drawing  for  this  circuit). 

Tea  for.  This  inajo  r  column  has  six  subcplumhs. 
Under  the  words  TEST  FORjt)U  find  an  O  and  an 
NO  line.  O  stands  for  Operate  _and  NO  for 
^P!D_9P^^^_^<^_^  ^8pJ^fih<<^  iDJ^^  Explpiatiq^ 
Terms  block  at  the  bottom  of  the  sheet  To  the  right 
you  have  twa  subcolumns  of  rcsisiahcc 
specifications  and  two  subcolumns  of  current 
$p«:ifications.  The  resistance  and  the  cutrent 
^pecjficatio lis  su bK:ol Uitins  are  fo r  u^i  n  setU  hg  up 
your  current  flow  test  set.  if  yout^current  flow  test 
set  is  the  r^stance  ^pe,  you  use>  the  resik^nce 
specifioitions.  If  it  is  a  current  typc^  the  1-181  for 
instance,  you  use  the  current  specifications.  The 
y^MI?*  JJ^P5yn  in  jthc  test  columns  are  used_bnly 
when  determining  if  a  rel^  is  out  of  adjustment. 
Wlwn  a  relay  is  to  be  adjust^  the  values  shown  in 
die  Read]  column  are  used  as  they  are  oiore 
stnngent  than  the  v^lu^  found  in  the  Test  column.- 
In  the  SEE  NOTE  subcblumh  arc  /lumbers 
referring  you  to,  when^applicable,  the  not^^Iock  dt 
the  bottom  of  the  adjustment  sheet 
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testing  mstructions.  Contained  in  this  column  ai-c 
sf^cial  notes  necessary  to  the  proper  testing  and 
adjusting  of  a  specific  relay. 

Exercises  (201); 

Use  figure  l-i6  to  provide  answers  for  the 
foliowing  questions  about  interpreting  relay 
adjustment  sheets, 

1.  What  is  the  resistance  of  the  No.  1  winding  of, 
rciay  F7 


/ 

2.  What  is  the  residual  screw  adjustment  for  the  B 
relay? 


3.  What  is  the  Operate  and  Nonoperate  test 
values,  both  resistance  and  current,  for  relay  C? 


4.  What  size  gauge,  inserted  between  the  r^idual 
screw  and  coil  core,  should  cause  contacts  4 
and  5  of  relay  B  to  make?  ^ 
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Figure  1-17.  Panel  iUustrauon  of  current  flow  test  set. 
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Figure  I  <  18.  Drawing  of  face  of  I- 1  IB  I  test  set. 


5.  WlJCrc  ^^Uld  you  connect  the  positive  jcad 
frorn  th^  ^iTicnt  flow  test  when  adjusting  the  E 

rcuy? 


20r  Gl^«»  •  \^  ot  relay  itepi,  Identify  the 
tool(s)  pQd/^^       ei||||pide0t  itsed  to  aiAust  each. 

Now  that-^^^t  tHe  relay  components  and  the 
adiustini^t  iife  ffcsh  in  ^dur  mind,  let's  talk 
about  tlJC  Myo^  test  equipment  ne(^sary  to  do 
the  adjostin^  ^ 

Vou  woaJ^  »>e^cr  tliink  to  work  on  your  ratr's 
cartnirctor  a  A-pouhd  fell  pwfh  hammir  or 
your  Wfistw^t^  vjth  long  nose  pliers^  Special  jobs 
require  ^peci^*  ^^£?1^  t«t  equipment 
^^S^en  adjt^^ji  relays  you  tMd  a  dpvtoe  that 
provides  ciiji^l  ih  spccifitsd  amounts  %nd  tools 
design^  ^or  ^^  tyP^  of  relay  ydu  are  Svorkirig  oh.' 

pirreiil  S«i •  Se^ral  ty|>K  of  current 

flow  lest  sei^  -^t^ -available  for  use  by  switching 
center  rcpaiH^^n,  ^ch  is  designed  to  be  connected 
m  i<^^  witji  /"^l^ys  Or  other  el^trical  apparatus  to 
be  tested.  T^?  Jiri'^ary  function  of  the  set  is  to 
measye  and  ^^tr^^l  the  current  on  the  winding_pf 
the  rtlay,  or  ^^'^^ii^r  electromagnetic  devices.  The 


f^jstance  of  the  test  set  is  adjustable.  When 
adjusting  the  resistance,  yoa  cause  the  cu|rent  in  the 
relay  circuit  to  conform  to  the  curi^nt  v^Iuc 
Sj5ecificd  in  a  relay  Siyg^crir  Fijure  1-17 
illustrate&the  control  pSiJfcpf  one  test^^t:  We  have 
S'tTOliTicd  the  figure;  tl^gjlpre,  we  are  not  picturing, 
all  t^e  control  device  ofthe  set.  You  can  see  that 
the  top  row  of  switch^  is'  identified  as  the 
nonoixsratcjwitch  fow^  Til^^r^^  pf  latches  below 
the  nonopcrate  switches  provide  connections  which 
operate  tiie  relay  under  test  Two  terminals  at  the 

'  right  of  the^iet  are  to  be  strappwi  to  the  battery 

.  source;  therefore,  they  are  identified  as  BAT 
bindini^stefcTo  the  left  5f  the  BAT  binding  j»sts 
is  a  battery  cutoff  switch.  Below  this  laner  switch  is 
I  J^yersing  switch  which  reverses  the  battery 
wnnections  to  the  relay  circuit.  Figure  1-17  also 
shows  a  DC  mUlianimeter  which  registers  the 
cuijentjn  the  relay  circuit  To  the  right  of  the 

-  milHammetcr  are  the  TEST  key  and  the  OUT  TEST 

'  binding  posts. 

Another  current  flow  test  set  used  in  testing 

*  relays  aniswltiics  is  lliusfl-ated  In  figure  1-18.  It 
^c  QpARSE  and  HN^  permit 
you  to  adjust  the  resistance  of  the  relay  test  circunf: 
It  is  evident  that  each  control  has  an  indicating  dfet 
which  you  possition  beside  'MAX  RES  for  the 
maximum  circuit  resistance.  In  addition:  there  are 
^•i8>Jition  twist- type  keys.  One  key  can  be 
selected  forO,  3,000,  or  6.000  ohms  while  the  other 
permits  selection  of  0,  7,500,  or  1 5,000  ohms.  The  . 
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RtL«Y  aHM^IURt  BACKSTOP  BlNQtR 


PLIERS  ^ 


pjcturai  irf  figured  I -19.  The  purpose  of  the  tools 
follows:   

a.  Armature  bender.  This  tool  is  liicd  lb  bend 
the  artnature  when  jsuch  an  adjasunent  is  necessary. 

b.  Relay  anriatiufrc  backstpj^  bender.  This  tool  is 
^*^*4T^*iJ'^'*^^J*8i  tnc  annatuf c  backstop  on  relays 
which_arc  not  p'rovidei^itjj  a  backstop  screw.  _ 

c.  pUckbill  pliers.  These  pliers  are  used  for 
strals;htening  and  tensioning  the  relay  contact 
springsf.  _    '  _ 

d.  Offet  «:lwdjiver^  The  offset  screwdnve^^ 
used  to  loosen  or  tighten  the  relay  adjusting  screws. 

e.  Contact  spring  bender.  The  bcnjiihg  tool  is 
u^  to  bend  the  contact  spring  to  obt^n  proper 
settings  and  tension. 

/  Contact  burn[shcrs.  The  cdhtact  burnisher  is 
used  for  cleaning  and  burnishing  the  ileiay  spring 
contacts.  y 

Exercise  (202):  ^ 

Maine  the  tbol(s)  and  test  equipment  necessary  to 
adjust  the  following  items.  ^ 

I.  Airline.  ' 

A 


CONTACT  SPRING  BENOEI* 


2.  Residual. 


3.  ^^e, 


':ONT»CT  flURNiSMl,«S 


4.  Contact  springs. 


Figure  i -4  9.  Relay  adjusting  tools. 

keys-are  used  in  associattoii'with  the  COARSE  and 
FINE  con trb Is  with  which  they  arc  alijhcd.  For 
example,  the  3,000-6,000-6  key  is  used  with  the 
two  number  1  control  knobs.  These  variable 
fesistsuicx  (^troyrprovide  ^jne  conditions  as 
the  28  operate:  and  nonoperate  switches,  of  the , 
former  current  flow  test  set  This  test  set  js  ^maHei"' 
and  more  ^ily  earned  unit  Although  there  arc 
additional  controls  and  ternnnals  on  the  unit  of 
^  figure  1-1 8  (for  example,  the  JS- 1 50- 1 5  MA  meter 
selection  keyi  we  are  not  describing  them. 
R  em  c m  b er :  T  he  ^  b  pe r a  t i  ng^  i  n  s t rti c^ i  b  h s  a r e 
provided  in  an  Air  Force  tscchnioi  order:  Use  it 
when  pr^Mrihg  to  ofMcrate  and  when  operating  the 
tttTsct^  Rgau^lew  of  tl^c 
tests  thax  you  canjnake  with  eacii  are  identicaj. 

Adfttiniieiit  Tools.  In  order  to  perform 
adjtistmenG  on  relays,  yoo  will  use  certain  types  of 
adjusting  tools. 

Some  bf  the  most  frequently  used  tools  are 


5.  Operatc/Nond^rate  requirements. 
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2S3.  Given  statements  describing  relay 
ad|}itftmeiil  Jfobleiiu,  sta 

need  to  *bc  made  and  what  tooi(s>  should  be  used 
for  ^cii  i^^uatmehi. 

A^jus^ejat  Reiationships.  As  a  3-skiii-Ievel'^'' 
repairman  _6cing_  aWe  to  adjtist  a  jclay  Js  j/cry 
nectary;  as  'a  5-skill-levci  repairman  raoi*  is  - 
r^uired,  hot  only  in  your  proficiency,  but  in  your 
h&ui.  It  is  ne^&Biy  for  you  to  understand  now 
varioiis^  adjustments  affect  others.  For  this  r^ison, 
we  (discuss  tliat  pro blein  briefly  at  this  point  It  is 
not  difficult  and  you  already  have  the  needoi  ^ 
'information;  we  just  need  to  look  at  it  from  a  new  \ 
angle.  '  V- 
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L 1  ^^i^^^^J^^'^'L^'*^'  The  raidual  adjusirneni  is 
primarily  made  for  the  purpx)sc  of  helping  to 
dy  ci'cbme  rcsidu  a  I  magnetism  as  the  magneU  g  fiejd 
of  a  releasing  relay  coilapscs;  If  you  change  the 
residual  adjusimchl  fronr  .006  inch  lb  .008  inch 
you  have  dbnr  what  to  the  travel  of  the  armature? 
What  abom  Jhe  ^stroke ^ncL  thc  spring  coimcM 
STOP  READING  AND  THINK  ABOUT  IT! 
Once  you  think  you  have  an  answer,  continue  on. 

First  of  all,  you  have  reduced  the  travel  of  the 
armature  itself  aiid  the  stroke  adjuimeht  too  Most 
important,  the  spring  contact  adjustment  has  been 
totally  wiped  out,  es|:^ially  if  the  armature  is  a 
short  lever  annatufe,  The  same  would  hold  true, 
only  in  reverse  _  if  you  change  the  residual 
adjustment  from  .006  inch  to  .004  inch. 

Atmamre  arm:  The  armature  arm  is  adjusted  so 
that  the  make  or  break  adjustment  of  contacts  i  and 
2  meet  spNCcificaudns^  It  a^^  the  stroke 

setting  as  well  as  the  adjustment  of  the  rest  of  the  ^ 
spring  contacts.  ^ 

_  arrUnc  adjustment  affects  not  only 

the  speed  that  the  relay  operates  at,  but  also  if' the 
armature  will  pull  up  fully. 

£xcrcis<M  (203): 

State  what  adjustment(s)  i^/are  required  and  what 


tdol(s)  should  be. Used  for  each  of  the  problems 
listed  below. 

I   l^_^^y  spring  cph tacts  traviel  too  far  when  the 
relay  operates  a|[id  the  residual  adjustment  is 


correct. 


2:  Relay  docs  not  operate  fully  and  the  contact 
spring  tension  requirement  for~X)pcrat6  value  is 
corrcizt. 


3.  Relay  releases  much  slower  than  it  should  and 
it  is  not  a  sldw-td-release  relay  and  the  spring 
contact  adjustment  is  correct 


1-2.  Stfottibcrg^Ourliion  Relays 

As  W0  said  earlier*  Stromberg- Carlson  relays  are 
(Xinstnictcd  somcw  than  Automatic 

Electric  relays.  In  this  section  we  loolc^  at  the 
differences  in  the  relays,  adjustment  sheet,  and 
adjustments. 


1.  cdiL    __     ^  .  -  '  , 

2.  coIl  cbJ« 

3.  ARMATURE  RESibUAL  PLATE 

4.  RESrbuAt  SCREW  AND  NUT 

5:  ARMATt^E  SUPPOFTT  PLATE  MOUNTING  SCREW 

6.  ARMATtPSE  SUPPORT  PLATE  J 

7.  FORCE  SPRING  jT 

8.  H£AVy-ST^_    *  .  . 

9.  LIGNT  SPRING 


10:  HEAVY  SPRING 
11.  PtIShiEH  I  _  ,  ' 

12:  CLAWPtNG  PLATE  SCREWS  (4) 
ISL^MOONTING  Pt^TE  SCREW 

14.  Clamping  PLATE 

15.  MOUNTING  PLATE 

16.  FftAME  V    .  ^ 
l7..CdrL  MOIINTING  STpb  fslUT  AND  WASHER 


^  ^C-033C 


Figure  1-20.  Location,  of  A*type  relay  components. 
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204.  Given  a  picture  of  a  Stromberg-Cartsdn 
relay,  identify  selected  cbnuM^netits. 

f  _  _  __ 

Relay  Types.  The  two  types  of  Strombcrg-, 
Carl^ri  relays  that  ydii  arc  cdriccrnisd  with  arc  the 

A-typc  and  C-typc.   

A'type,  The  A-typc  rclay^  ^^^^  V-tQ,  consists  of 
^^'"^li^^^^  ?rainc,^dii,  armatuje 
mbiy,  and  dual-spring  combinations  assembly: 
Some  A-typc  relays  may  be  «iuipp^  with  only  a 
single  spring  wmbination  a^mbly  (Spring  pilcup). 
Ail  of  these  components  are  mounted  on  a  single 
frame^  ii: 

The  frame  (16)  ftinctions  as  a  mounting  basc,for 
all  the  major  compdhehts  of  thfe  relay.  Two  holes 
are  provided  at  the  rear  of  tfe  feUne  to  Tiicm^ 
relay  t^  the  circuit  plate.  The  frame  also  acts  as  a 
*  c  ret u  r ri-  pa  th  fo  r  t  h  e  cd  r c;  which 
strengthens  the  magnetic  field  acting  on  the  relay^  A 
spring  retainer  is  welded  to  the  top  of  the  frame  at 
the  armature  end.  holdsthc  amatiwe  assc 
in  place  on  the  frame  by  means  of  its  spring  clip 
t^ut  alldws  the  armatiuc  assembly  to  move 
freely  on  its  pivot  at  the  fronj^ot  the  relay  frame. 

The  coil  core  (2j,is  insulattti  from  the  cqU  (1 )  by 
a  slecvc^bf  trii>le- layer  :^4luldsc  acetate.  The  Coil 
windings  are  made  of  enamel  insulated  wire  and 
™y  t>c  si ri^ic  dr  ddublc  wdurid  around  the  core, 
pie  asscmjjled  coil  is  fastenwi  to  the  r^r  of  the 
relay  frame  by  m^s  of  a  threaded  stud  and  a  nut 
(17).   When   energized,   the  coil   acts   like  an 


eiedtromagneq  attracting  the  armature  to  the  coil 
core; 

Jhe  armature  as^mbly  consists  d^  foiir  parts: 
armature  residual  plate  (3),  residual  screw  (4); 
arm|iturc  siipjx)Ft  j>^^^^  armature  support 

piat^  mounting  screw  (5):  The.  armature  is  held  in 
place  by  means  of  a  metal  spring  retainer.  NVhcn  the 
relay  operates,  the  armature  gi vb^  driiits  fcnjfe-edge 
bearing  which  produces  an  upward  movement 
beneath  the  spriri^.^  This  movement  actuates  the 
spring  pusher  (11)  which  actiates  the  movable 
light  springs  (9)  so  that  they  make  or  break  contaa 
with  the^  stationary  heavy  springs  (10).  - 

The  armature  raidual  plate  is  equipped  with  a 
'  welded  nonmagnetic  disk  <pr6jectiph)  or  an 
adjustable  «crew.  TTie  prdjcs^tidti  of  the  residual 
determines  the  operated  alrgap.  This  prevents  the 
9?  §  Reenergized  rela^  fr<>m  stickirig^d  the 
coiLcoTC  because  of  Residual  ma^etism: 

The  armature  support  plate  is  attached  to  the 
afmature  r<sidual  plate  by  m«ins  of  ail  armature 
suf)port  plate  mounting  screw.  The  armature  travel 
may     varuKi  by  rotating  the  scrw. 

The  spring  combination  as^mbly  generally 
consists  df  twd  separate  spring  combination 
asiambll^  (pileups)  joinexi  together  into  a  single 
assembly  wiUi  a^lamping  plate  (1 4)  at  thcJop  and  ^ 
raougtirig  jJlate  ( 1 5)  at  the  bottdm .  The  crttire 
assembly  is  mounted  at  the  top  of  &ie  relay  frame 
with  a  mduhtihg  plate  screw  (13)  and  a  clamping 
plate  screw  (12).  Phenolic  spring  pushers  (11), 


SPRING  CdMBlNATidN 


SPRING  PUSHER 


YOKE 


LEFT  ARMATURE- fL) 


COIC 

ARMATURE  BACKSTOP 


RESIDUAL  SCREW 


PIN 

RIGHT  ARMATURE  (R) 
Figure  1-21.  Locaiion  o^  C  lypc  relay  components. 
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inserts  through  clearance  slots  in  each  spring  of 
the  sjaing  pilcup,  act  to  move  the  moveable  light 
springs  (9)  of  each  pileup  upward  when  the  pusher 
itself  is  aGtuated  in  an  upward  d  i  recti  on  by  the 
armature  of  an  energized  relay.  This  causes  the 
springs  to  make  or  break,  thus  opening  or  closing 
circuits:    _     _     1  _ 

C-rype.  The  type  relay,  figures  1-21  arid  1-22, 
is  equipped  with  dual  spring  pileuf^  which  may  be 
composed  of  OLoe  pr  more  of  the  standard  spring 
c»mjMimtib!TS.^E^^  its  own 

spring  pileup  indepcndentiy  of  the  other:  The  total 
riuriiber  of  spririgs  ip  i  sirigle  pileup  niay  not  exc^d 
20.  ' 


*The  parts  of  the  C-type  relay  arc  basically  siriiilar 
iii  cdnstnK:tidn,;-functio^  and  opei^tmn  to  those  of 
the  A-type  r^fiyi  The  only  exception  is  the 
arriiiiture.    y^^l  _     :  ^l^  :  1^:1^11  l::  :^     .:  / 

The  relay  uses  two  separate  armature  assemblies.  [ 
Each  arriiature  operates  its  owri  spririg  pileup.  Both^ 
armatures  may  betpjuipped  with  a  nonadjustable 
r^idual  disk  or  ai^djustable  i^idual  screw.  Each 
annature  is.pivbtpl  oh  a  hbhmaghetic  pin  mounted 
in  a  brass  yoke;  [ 

Spring  Coml^iiatioiis.  Spring  combinations  a^ 
made  up  of  a  coriibination  of  light,  heavy,  and  force 
springs  scf>arat«jtey  irisulatbrs.  The  various  types  of 
spririg  cbnibiriatiops  are  shown  in  figure  1-23. 


1.  CLAMPING  PLATE  SCREW 

2.  SPACER 

3.  MOUNtiNG  PLATE  SCREW 
4:  $P»!hN<3  PILEUP 
5:  FRAME         :i_  :^       ::  : 

6.  ARMATURE  MODNTtNG  SCREW  (2) 

7,  AHMATUre  ASSEMBLY  f2)  

S.  ARMATURE  RESIDUAL  SCREW 
9.  ARMATURE  RESIDUAL  NUT 

10:  COIL  MOUNTING  SCREW  (2) 
11.  COIL  (2) 


MC-037 


Figure,  i  -22    C-typc  relay,  exploded  view. 
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HUCE  (A)  COMeMAtON 


f  —  


BREAK  (B)  COMBiMTCN 


BREAK -MAKE  (C)  COMBNATDN 


BREAK-MAKE  U  C)  COMSlNAtDN 


i)dUBL£  BREAK-BEFORE  MAKE 
VC)  COMBMAtlON  (BrQ 


AMKE-BEFORE-BRDU 
(0)  COIWNATKM 


BREAK-BD^E-DOUBU  MAKE 
m  COMBNATDN  {AO 


MAKE-BEFORE-BREAK 
(  K)  COMB  NAT  ION 


DOUBLE  MAKE- BO^iRE-ddUBU  BREAK 
m  COMBMATiON  (IHC) 


DOUBLE  BRD«-BEH)RE  D0U6U  MAKE 
(Z)  COMBMATIDN  (CO 


5 


PRaiMMARY  BREAK-MAKE 
(XC)  COMBINATION 


PRaiMMARY  BREAK 
(XB)  COMBNATION 


LIGHT  LOAD  MAKE 
(MAI  COMBNATION 


PRaiMlNARY  MAKE 
(XAI  COMBNATKM 


lk;ht  load  break 

(MB)  COMBMATKM 


 er 

LIGHt  LOAO  BREAK-MAKE 
(MCI  COMBMATKW 


NOTE : '  Aa  CbMB>3At»hVARE'Si%»R-W  «JN-OP«ATQ)"  POWftK " 
Wgut«  f -23:  SfHfig  ocNnbinmudni. 


iir 


o 

ERIC 


A   B    C  D 

A.  A-TYPE  RELAY 


LEFT  RIGHT 


A   B    C  D 


B.  C-TYPE  RELAY 


HC-O40 


Fifure  1-24.  Spring  obhtact  huitibenhg.  - 


Sp^ial  typ^,  sQCh  a$  M  and  X,  are_&U^  shown. 
The  M-typc  requires  a  smaller  movcnjent  of  the 
^^^^T^  ^  J^P^^^_  [^^_cpntSMn8,  The  X-gpc 
operates  before  other  combinations  in  the  same 
pileup.  Any  cbmbihatioris  that  are  mounted  on  a 
iimit^  travel  relay  are  dadgnatjecf  L:  The  limitKl 
travel  relay  has  a  large  residual  screw  and  special 
adjustment  jequirefhehts.  Pulsing  relays  are  usually 
limited  travel  relays. 

Spriiig  Noinberiiig.  The  method  of  numbering 
spring  of  relay  spring  pilcup  for  both  A-  and  C- 
type  rela^  is  shown  in  figure  1-24.  Position  the 
r^l^yf_^^t^_^^  spring  pileiips  bh  top  of  the  ft^amc 
and  the  ^prin?  "connecrioTr '  terminahr  trear  of  thr  - 
relay)  facing  you.  For  dual  spring  pileupKs,  two 
scries  of  numbers  are  Uiscd,  1  to  20  for  the  ifcft 
spring  pileup  and  ^1  to  40  for  the  right  spring 
pi  I  Clip .  For  a  si  hg  1  e  spri  ng j)i ]cup  oil  I  y  these  rics  1 
to  20  is  used:  The  spring  numbering  begins  at  the 
bottom  of  the  pileup  and  proceeds  upward  with 


every  spring  being  numbered  No  more  than  20 
springs  may  be  in  a  single  pileup. 

Coll  Tmniralt.  The  A -type  relay:  col  I  terniinais 

^  ^J^^^y^  l^P^y^l  ^^  D.  If 

the  relay  is  single  wound  the  winding^  genendiy 
at  terininal  A  |md  en  at  tenrhihal  C.  In 
some  '^coii;,  such  as  the  coils  of  slow  to  relotse 
relays,  the  winding  begins  at  terminal  A  and  ends  it 
terminal  D.  In  a  double-wound  ^il_t_the  seodhd 
winding  begins  at  the  B  terminal  and  ends  at  the  D 
term i nal .  Shou  Id  thcjc  bc  a  thi rd_  wi  hd i  hg  (tertiary 
winding),  the  ends  of  the  winding  are  brought  out 
,  :  m^J^^^  of ;  fS^ifelc: :  Ic^cU ,  Msi .  1^mP^WL.9S  ^ 
required:  Th&e  yias^  are  designated  E  and  F.  The 
winding  begins  at  E  and  ends  at  F. 

_  The  C-'type  relay  coil  terminal  designations  A, 
B,  C,  and  D  are  the  same  as  the  A-typc  relay.  Each 
of  the  two  coils  of  the  C^type  relay  has  a  single 
winding.  One  coil  winding  begins  at  A  and  ends  at 
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L£VER  ARM 


X"  CONTACTS 
YUNDRICAL  PUSHER 


A.  SLOW  RELEASE  LEVER  ARM  A^TYPfE  RELAY 


8.    i^}  OR  (M)  COMBINATION  A-TYHC  RELAY 

HC-033B 


Figure  I  -25.  A-typc  relay  aimacures. 


B,  whereas  the  other  coil  winding  begins  at  C  and 
ends  at  D. 

ClanifioiHon  of  A-  and  ^-type  Rieiays.  There 
are  four  relay  classificatiohs:  stpw-actingt  s!ow-tb- 
operate,  stdw-to-rei^e,  and  fast-acting. 

Faat-aating.  The  fast  actirig^  relay  has  a  range  of 
bperatihg  time  of  .008  to  .020  sc^nds  and  a  range 
of  release  time  of  .008  to  .020  seconds. 

Slow-ctcting.  Thc^  relesBe 
time  depends  on  several  factors,  such  as  pileup. 


number  of  coil  winding  turns,  and  cUrreht  flow. 
Retarded  operation  and  release  is  also 
accomplish^  by  a  copper  sleeve  over  the  coil  core. 
This  dela^  the  buildup  arid  collapse  of  the 
magnetic  field. 

Slow-to-operate,  Slow  bperating  rclay|^xnay  have 
§  r^l^^  -^^^  ^  -  ^     seconds  and 

ai-eiease  time  of  .110  and  .210  seconds.  This  type 
of  relay  Iras^a  c^p^rjlug  alt  the  armature  end  which 
<^us«  a  time  delay  between  its  circuit  closure  and 
relay  operation. 


.  ^SPRING  COMBINATION 

4>  -  

SPRING  PUSHER 


CEFT  ARMATURE  (L) 


RESlOUAt:  OISC 


RESIOUAL  SCREW 


FRAME 


COIL 

ARMATURE  BACKSTOP 


PIN 

RIGHT  ARMATURE  (R) 
Figure  1-26.  C-typc  relay  arttiature*. 
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105 


LEASE  LES/ER  ARM 


TgR^.g,uPPdRT 

 .  jc-y 

'AbM%I^  Support 
AbiuyriNQ  SCREW 


ARMATURl 

RESIDUAL 
SCRiW  AND  tor  . 


COIL  LBVER-ARM  PIVOT 

Figure  1-27:  A-typc  feiay; 


HC-038A 


^Jp^j  releasing  relays^  roay  ^Miye  a 
jange  of  operate  time  of  .065  to  095  second  aiflT  a 
rel^ise  time  of  .045  to  .135  sccxjnd.  The  copper 
slug  is  looted  at  the  heel  cmd  of  the  coil  core  to 
delay  the  tnagnetic  flux  action.  This  allows  the  relay 
IQ_reni|un  iu  the  of^  fp^%  short  time 

after  the  -eiectrical  circuit  has  been  removed:  

Sc^pdard  Ratio  Lever  Armature  Relays.  This 
typej)f  relay  is  wtd  when  a  fast  acting  feature  is 
desired.  The  A-  and  C-  type  relays  both  employ  this 
standard  ratio  armature  but  they  do  differ  in 
construction. 


1 


iL.  A*  ®* l^^^iy  Mmamrc  arm  p  jhe  spring 
pusher  at  itsjcnd,  creating  this  standard  ratio.  The 
C-type  relay  has  its  armature  pivot  pin  Icncated  in  a 
forward  position  so  as  to  give  this  ratio.  See  figure 
1  '25  for  the  standard  ratio  A- type  relay  and  figure 
1-26  for  the  standard  ratio  C-^g  r<5iay  __ 

Short  Lever  Armature  Relay.  When  a  long 
release  time  or  other  sp^ial  circuit  cohditipns  must 
be  met,  short  lever  annature  relays  are  used.  The  A- 
type  relay  has  a  slow- to- release  Jc^crann  which  the 
annature  pres^  a^hst  the  armature  arm  which 
presses  the  pusher  giving  the  1  to  i  ratio  (sec  fig. 


SPRING  COMBINATjON 


SPRING  COMBINATION  cLaMP  PLATE 


FRAME 


ARMATURE 


-RB&Jp  UA  t  SC  RE W  A 
LOlS^INfe  NUT  USE  TOOL  #24 
(SCREWDRIVER  AfvjD  SOCKET 
WRENCH) 


COIL 


armatUrf backstop 


ARMATURE  PIVOT  POINT  NEAR 
THE  CENTER  GIVING  THE 
SHORT  RATIO  ARMATURE 


HC-038B 


Figure  1-28.  C-iypc  relay. 
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/G9  .  :  . 

i-27).  The  C-typc  relay  has  the  jjivqt  pin  mounted  Exercises  ^204): 

'    in^^^center  position  giving  the  1  to  1  raUo  (see  f.g.  ^abel  the  relay  parts  marked  by  callouts  in  figure 

1-25).  1-29. 


BASIC  A-TYPE  RELAY 
Figure  1-29.  Basic  A-typc  relay  (objective  204.  exercises  1  through  9), 

"    .  9.  3. 


2.  13. 


3.  6. 


4.  5. 


5.  15. 


6.  14 


7.  .  i. 


8.  16. 


205.  Given  j-elay  adijustmeiit  sheets,  ioterpret 
selecied  poftVoioA.         ^  Y 

Relay  AcyiBttaient.  The  adjustment  of  XY  relays 
is  cdni5idcrab[y  different  from  that  of  Strdwger 
re i ays.  Two  things  do  remain  the  jsame;  l!Bwevcr»^ 
acQustocnts  arc  imfw^  to  the  dj^ratiori  of 
the  central  offices  and  if  you  go  a  step  at  a  lime,  it 
isnltdifncuit. 

Mechanical  Contact  Gaajiiig  Sheet  for  A-  and 
C-Type  Relays.  These  sheets  (figs.  I  -30  and  I  -3 1 ) 
Pr95i^cjnfqnnaadh  used  to  adjust  the  relay  contact 
combtnadon  for  the  distance  that  the  armature 
mdv^  before  the  spring  make  or  break.  This  is 
known  as  contact  gaugmg.  All  figures  entered  on 
this  sheet  are  in  thousand-ths  or  ten  thousandths  of 
ah  irich^     , 

The  main  column  on  the  far  left  of  the  sneet  is 
labeled  TYPE  RELAY.  This  column  describes 
the  relay  such  as:  not  over  six  steps  without  lever 
arm.  This  means  not  more  tl^an  six  hooks  on  the 
spring  pusher.  _   _  j  _  _ 

The  main  column  in  the  second  position  on  the 
sheet  is  for  the  A,  C,  and  ^  contact  combinations. 
This  column  is  divided  into  two  subcdiumns 
labeled  **Makes  make"  and  "makes  do  not  make.'' 
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MECHANICAL  CONTACT  (gflKaNC  SHEET  FOR  A  "A"  TYPE  RELAYS 


APPENDIX  tl 


TYPE  or  RELAY 


TYPE  OF  SPRING  CGMBINATION9 


A.  C  *  IC  COMniNATIOMg 


MAKES-MAKE 
TtST 


MAKES  DO 
 NOT  HAIOC 

READJUST — rrnr 


a  C  ft  IC  COMBINAtjOlV 


  BREAKJOO 


MAKE  BEFORE^REAK  COMBINATIONS 


K  b      makes  makes  do 


TEST 


NOT  OVER  SIX  STE  PS 
JSftTHOUt  LEVER  ARM 


ovi:H  SIX  ^tps 

WITHOUT  LEVER  ARM 


WITH  LEVtR  ARKt 


LIMITED  TitAVEL 


LARGE  SINULE  CONTACTS 


SENSITIVE  OH  "  M  " 
COMUINAtiONS 


PREi.lMlNARY  OPEHATINU 
OR  "X'  jCCMbrNATlONS 

 ^   


PECTKW  BY  CONTACT  PREUURC  (OEE  NOTE  tl) 
BAtjKStOP  ADJt«tMENt 


^ 


TiW  ARAAtAmr  BACKSTOP  SHAlL  BE  ADJUSTED  AS  SPECIFIED  IN/THC  FOLLOWING  CHART 
WITB  THE  relay!  ALWAYS  IN  THE  ONOPERATED  POBlTiOH:  / 


TY  PEfgr  CCMBIN ATK)N ' 
RELAY 

r^""^        RELAYS  COtfTAINiNb  ALL 
^       MAKE  (A)COMBINAtlOIJS 

REl^JTS  CONTAOOHO  OUIER  THAN 
ALL  MAKECGMBINAT10K8 

Clearance  between  residual  and  core 

-GAOG£              /  GAUCC^IKieS - 

VALUES  SPECIFIED  INDKTATE 
CLeAfUHCe-BCtWECN^  UNDERSlbE 
OF  BREAK  CONTACT  SPRINGS  AND 

cniuw             /      mjl  1 

TfefiT 

ftEAb 

PUSHER 

wttHdtrr  Ltvaf  arm 

.oil" 

.  019" 

PERCEPTIBLE  TO  .007" 

WTTM  LEVER  aSi*^  ' 

.nir 

.085*' 

.dl7' 

PERCEPTIBl^E  TO  .007" 

LIMITED  TRAVEL  . 

.OOi  -to  .010" 

LARGE  SIHCl^  N 
COHTACts  / 

.  010" 

.Oil" 

.oir* 

Oil" 

PERCEPTSCE  TO  .007" 

"U"  COMBDUTfOHS 

PEllCErt[BLCTi>~'007>'  BCTWEBI 
PUSHER  AND  ARMATURE 

IC'COMBiNATlbNS 

'  SEE  Tibrr  -  section  9.  9.  i     ^  ' 

SEE  TEXT  -  SECTION  9.  9.  T  - 

>_yNLE88  GTBERW18E  SPECIHED 


WOTKS: 

1.  AIX  CaiUINATIGMS  MIS  REQCm 

BEPAKATKm  or^oor  mKEtrr.mitxD-tiuvEt  cciismATioro  _ 

WHERE  THE  MmHilJM  SBPARATIOII  B  ^004':^ and  '*M'LC0MBINATION8 
WHERE  tHE  CONTACT  SEPARATIOM  MAY  VARY  FROM  .  008"  TO  .  OIS". 

2.  CONTACT  PRESSimii  SBAIX  BE  AS  FOLLOWS: 

a.  1    BREAK  PRESSURE  OT        ft  "C"  COMBINATIONS  SHALL  BE 

_  _    t5^GRAM&   *  

a-  a    THE_MAJyCLPRB»UM_Or.'*0^^  *  "K"  COMBINATraNS  SHALL  BE 

_  _   y)-40 GRAfiff- -     A  __. 

a.  9    THE  JIIIEAK_PHEaEmOP-CQHBIHATK]NS  WrfH  LAR^  SNGLE 

COHTACTS  SHALL  BE  aS-IO  PRAMS.  

^      14    TSrMAKEJ^IXMKAK^FfiESSUilESOF 'IM"  CbM^NAtiC*^ 

«iALL_B_E  a»:-|0_QMiU.  _     _  : 

a.  S    QRAM^RBSBUlUa  FOR  "X*^  CONTACTS  SHALL  BE  MEASURED 
WTTB  THB  JlllJi  Y  HOIIMAL  CMLimR  THE  AteiATURE^Um 
STRIKING  m  BEQULAR  ^COMBINATION  PUSNEIt  PREStURES 
IBALL  BX^IO  jGRAMS  MBCOtUMi  

a.  s.  1    rm  briak  or  'it*  and  ::x" .contacts  m  ubt.open 

CGMK.BtKL^TB<FORBTHE  MAKES4IAKE.  TBE 
BREAK  COirtACTI^naLC  HAVE.. aiir:  HDUMUM 
CONTACT  PpLLOW^WHENGAOOBD  BY  EYE. 

a.  s:  a:   '^r^xoNtAct^Murr.iiuxY  dPEiUtr  before^b 

AIOIATURESTIIOCEB  THE  REGULAR  COMBINATION 
SPROiaPUSBBItS^AIVUSrTBS^IttGUtJUICOiOM 
  .         TION  SPRING  PUSHERS.    ADJUST  THE  PUSHER  STOP. 

9.     ArraiCOHPCBTDlOiiSI^tAOJUBlMENT.  APPLY  GLYPTOL 
THE  ARMATURE  SUPPORT  SCREW. 

4  . 


SHEET  ai  OF  ai 


Figure  i-30.  Mechanical  contact  gauging  sheet  for^^-type  relays. 
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MECHANICAL  CONTACT  GAUGING  SHEET 

  FOR  "C"  TYPE  RELA'VS 

TO  BE  USED  IN  CONJUNCTION  WITH  E-75910 

 :  


'•C*  TYPE  RELAY  6 
CdMBINAtlONS  ' 


TYPE  Of  SPRING  CQMBINAtiONS 


A)  C  &  rc  COMBUSTION 


MAMES- 
MAl^ 


TEST, 


MAKES] 
NOT  MAKEt 


RSADJUST 


B,  C  &  TC  COMBINATION 


BREAKS- 
BREAK 


TEST     HTEADJUST    .  TEST 


BREAKS  DO 
NOT  BREAK 


MAIS  BEFORE  BREAK  COMBINATIONS 


D'S 

MAKES-MAKE 


TEST  READJUST 


MAKES-MAKE 


TEST  READJUST 


MAKES  DO 
NOT  MAKE 


2-V2  :  1  ARM.  RATIO 
BEARING  PIN  IN  FRONT 


.005" 


.00^" 


.  0075'* 


.009" 


.010'* 


.011' 


,  013" 


.  013" 


.010" 


.013" 


lU  AHM.  RATIO 
BEARING  PIN  TO  REAR 


.008" 


0115' 


.013" 


.017" 


.  018" 


:  020" 


.021" 


.018" 


.021" 


UMITED  TRAVEL 
BEARING  PIN  IN  FRONT 


!  - 

005" 


0065"' 


007" 


.  0075' 


.009f 


,010" 


_g IMMATURE  BACKSTOP  ADJUSTMENTS  FOR  RELAYS 
.  OlOp^VING  OTHER  THAN  ALI^  MAKE  "A"  COMBINATIONS: 


Hi^LIMINARY  OPERA TINOl 
OR  "X"  COMBINATIONS 


.  027" 


.03U' 


^Indicates  liispecUdh  By  CbhEact  Pressure  (See  Note  §2) 
NOTES: 

1.  Ail  combinations  are  required  to  have  a  tniniroum  contact  separation 
<^  .vPP^\V.^.x<^.^P^  jUinited  Travel  combinations  where  the  niinimuti^  .  ^ 

*    separation  is _.  004"._   ,  - 

2.  Contact  Pressures  shall  be  as  follows:        ^  ' 

2. 1    Break  Pressure  U  "B"  &  "C"  coAibii£[Uons  sliall  be  25-50  grams: 
,  2.2    The  iiialce  pressure  of  "D"  £  "K"  cdnibir^tidhs  shall  be  20-40 
gramis.  ..'^/"'c 
2^3    Gram  pressures  for  "X*^  contacts  shall  be  measured  wiih  the- 
relay  normal  or  with  the  i^rmature  just  striking  the  regular 
comt>ination  pusher .    I^essures  sha    .^.  SO  j^ams  minimi^ 
2.3.1    "X*'  contac  ts  must_f ullY  operate  before  the. _ar mature  _  _  * 
strikes  the  regular. combination: spring  pusher.  .  Adjust 
thexeguiar  combination  spring  pushers.'  Adjust  the 
_  _  _    pusher  Stop..  .. 

2^3.2    The  break  d  "X"  contacts  miist  open  completely  before 
the  makes  make.  The  break  contacts  shail  have  .  010" 
^    minimum  contact  follows  as  i^uged  by  eye.  ^ 
I.    After  completing  relay  adjustment,  apply  glyptol  to  the  armature 
support  screw. 


THE  ARMATl^^ACKSTOP  SHALL  BE  ADJUSTED  AS 
SPECIFIED  IK  THE  FOLLOWING  CHART  WITH  THE  RE  LA 
ALWAYS  IN  THE  UNOPERATED  POSItlON.    FOR  RELAYS 
CONTAINING  ALL  "A"  MAKE  OR  SPECIAL  COMBINATIONS 
REFER. TO  TEXr  E-75918. 


TYPE  OF.COMBINATION 
AND  RELAY 


BEARING  PIN  IN  FRONT 


BEARING  PIN  TO  THE 
REAR 


UMITED  TRAVEL 


'X"  COMBINATIONS 


VA  LUES  BP^ClFtED  INDICAT 
CLEAaANCE  BETWfyEUf  UNDi 
SIDiU>F  BREAir^PRINGS  ANI 
PUSHER  CRADLE. 


PERCEPTIBLE  TO  .008" 


PERCEPTIBLE  TO  ,  008" 


.004"  TO  :  oio" 


SEE  TEXT  SEC.  F  7 


Figure  131.  Mechanical  contact  gauging  iheel  for  C  iypc  relays. 
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^APPXRATOa 

KTS   / 

DESlGl 

CTOPK  NO 

RESlDi 

BUXKOR 
INSULATE 

—WITH  . 

TEST 

SET— 
POINT 

TEST 
WDG 



TEST 

AFTER 

SOAK 
MA. 



READJ. 
MA^ 



TEST 

IN  A. 

5W 

361315 

004 

SW  (i.c) 

I-c 

6 

19 

21 

no 

16 

14.5 

-CB  

35200 

006 

5  ft  7 

SW  (4) 

b 

37 

39 

NO 

31 

h 

— R0  

2030B5  

 5^ft^  

R  n  (a) — 

— o— 

— 41  

 45  





 R- 

 8  

 7  

H 

10 

ii 

/ 

361435  

^^04 — 

XDd) 

— e- 

^  

 34  

— 



f 

i  

R 

11 

10 

4*A  

452026^ 

^jm — 

HA  <i,  c) 

o^ 

—98^ 

106 

NO 

78 

XD 

353824 

.004 

5  ft  9 

XD(1> 

9 

NO 

31 

-H- 

 ^  

NOTM 

i  _  BOTH  WINDINQS      SERIES                    ^6.     NEa  BATTERY  THROUQf  TEST  SET 

3.^  X  MA<3JEt  IN  SERinS         *                 /         TO  POtNt  INDlCAtED 

3.     Y  MA<3lEt  IN  SERIES                             7.     TEST  SET  AC^R06S  POINTS  INDICATED 

4-     Z  WAOiETlN  SERlBi        -              •       8.    WINDING  EHEROtZED  AS  INDICATED 

5.     POB^^ATTERY-THROUCM  TESrSET              DURING  TESre  >-  .     -        -  -- 
TO  POINT  INDICATED                             9:     DISCONNECTS  SWITCH  BEEORE 

MAKING  CURRENT  VtXNt  TEST. 

A  TYPE  RELAYS  B-i74A^ 
C  TYPE  RELAYS  E-7S8ii 
-XY  SWITCH  t-1014 
Selector  Circuit,  Local  or  bicoibinf 
Digit  Cuicclithg  Without  R«u0«  tA  Level 
Level  Reetrictloh- -Level  Harfcing. 

HC-043 


Figure  1-32.  Electrical  relay jadjustment  sheet. 


Use  thBe^olamns  to  inspect  and  adjust  the  relay 
with  this  contact  . cximbiha'udh.^ For  cxamplcv  ydii  ^ 
suspect  that  an  A-typc  rclay^with  aii  A  cbtitact 
combination  is  out  oL  adjustroent.  Thisi  relay  is  g 
limited  travel  relay.  Check  the  spring  gauging  pf^ 
this  by  using^^e  figur«  in  the  t«t  column.  The 
relays  contact  will  make  ^»ath  a  .OOB^incH* gauge 
Insert^  between^ the  sultiature  and  the  core,  and  the 
contacts  will  not  make  with  a  .006-inch  gauge 
insm6d  l^tweeh  the  armature  arki  the  core.  If  the 
relay  do«  not  meet  these  specifications,  it  must  be 
readjusted  to  the  ADJ  figur^  .0045' inch  make  and 
.0055-irich  not  make.   

Electrical  Adjostmeiit  Sheet.  The  relay 
shoet  iAS- sheet)  is  used  to  make,  the 
rcTsidual  adjustment,  and  the  current  flow 
adjustments.  Refer  to  figure  1-32  and  stsiat  the;^ 
left  column  of  the  sheet.  This  first  column  isrlfcclcd 
Desig  and  gives  the  relay's  design^fioh  as  to  the^ 
circuit  U  js  u»Ki  in^  Directly  U>  the  right  in  the 
remaining  columns  are  the  adjustment 
specifi cations  for  each  one  of  the  v  relays  in  that 
p«rticular  circuit.  -   

The  second  column  gives  the  manufacturer's 
stock  huihlHsr  of  the  xelay.^      

The  third  column  is  labeled  R»idual  Projection 
and  gives  the  specification  in  thousandths  of  ah 
inch  to  which  the  residual  projection  should  be 
adjusted   

The  fourth  column  labeled  Block  or  Insulate  is 
used  when  the  relay  is  adjusted  in  the  circuit  plate 
and  it  is  necessary  to  block  (keep  a  relay  from 
opcrating)^or  insulate  relay  contacts. 

The  fifth  column  is  iabeied  Test  With  (Sec 
No  tc).  If  note  I  appears  i h  this  co lumri  the  spec iai 
instructions  for  this  note  will  appear  in  the  lower 
left  section  of  this  AS  sheet 

The  sixth  column  labeled  Test  Set  Pomt  specifies 
the  relay  and_^prijig5  to  which  test  set  leads  will  be 
cohjiectcd^  This  is  ti*c^  only  if  the  relay  is  id  be 
adjusted  in  the  circuit  plate.  _   

The  seventh  cbliimh,  is  labeled  Test  WDG, 
which  tells  which  winding  of  the  relay  you  will  be 
checking. 

The  next  column  will  be  labeled^ Test  For,  arid 
wiii  have  either  O,  NO,  H,  or  Ji.  The  ©  stands  for 
op«ratevNO  for  hdhopcrate,  H  for  hold,  arid  the  R 
for  release.  The  relay  will  operate  on  a  specified 
amount  of  current.  It  will  hot  operate  on  any  less 
current.  It  will  hdld^dri  a  given  current,  but  will 
release  on  a  lesser  amount.  The  current  values  will 
be  fourid  dri  the  next  two  columris  td  the  right, 
which  arc  labeled  Rcadj:MA,  for  readjust 
milliamps,  and  T^t  MA,  for  test  milliamps.  The 
rcinarks^cdluriiri  wilj^  give  any  special  instioiction 
needed  to  adjust  the  reday. 

Exercises  (205): 

Use  figures  1-30,  1-31,  and  1-32  to  respond  ^  the 
following.  :      '  '  r. 


I:  On  an  A-type  relay  with  a  lever  arm,  at  how 
many  thousandths  of  an  incii  do  A 
cdmbinatidri  riiiakes-iriake  urider  TEST? 

\ 

^    _  i.     

2.  What  is  the  residual  setting  of  the  XD  relay  in 
circuit  AS-30236? 


3.  Nyhen  adjuiting  refty  SW  In  circuit  AS-30236, 
whiat  operate  and  norioperate  values  are  used? 

4.  On  a  C-typc  relay  with  a  1 :  l  armaturc  ratio,  at 
^^9*_ JPl^Y  ^Pl^^^ths  of  an  i rich  do  B 
combination  breaks-break  under  READJUST? 


206.  Given  a  list  of  relay  adjustments,  identify 
tools  and /or  test  eqiiipiiieiit  used  for  each. 

_  >lec  hail  leal  AdjiMtments  for  the  A-Typip 
RSlay^  The  A -type  relay  may  be  c^uijjped  with 
either  a  nonadjustable  welded  disk-type  residual  or 
an  adjustable  r^idual  sere  residual  airgap 

ibr  rela;^  with  or  without  residual  screws  is  given  in 
xhc  applicable  relay  ad|ustment  table  in  figure  I  -32. 
^^Lf?'^  J'^'^  nonadjustable  residuals,_it  is  qrily 
riecessary  that  a  .002  gauge  be  loose  when  inserted 
t^tweeri  Uie  armature  arid  core  of  the  relay.  The 
adjustable  residual  screw  controls  the  amount  of 
space  between  the  armature  and  the  coil  core  with 
the  relay  electrically  J^peratcd^  To  acljust  the 
residual  screw  projection  for  proper  air  gap,  follow 

the  procedure  m  A  J^^rp 

a:  Use  a*  screwdriver  and  socket  wrench  lo 
loosen  the  locking  nut  slightly. ; 

b:  Operate  the  afmajUrc  by  hand. 

c.  Insert  the  specified  thickness  gauge  between 
yie  arrnatu re  arid  the  core  while  hdlding  the  gi^ge 
paraiiei  to  the  pivot  edge  just  clearing  the  residual 
screws. 

^:  Check  the  fit  of  the  thickness  gau^e.  Adjust 
the  screw  until  the  gauge  fits  snugly  between  the 
armature  and  the  cdre. 

(U  Residual  Projections  Loose  Fit  Tight  Fit 

.010  inch  or  smaller  ,001  inch  smaller       001  larger 

For  example,  for  a  specified  residual  projection 
of  .004  inch,  a  .003 -inch  gauge  should  fit  loosely 
between  arniature  and  the  core  and  a  .005-inch 
gauge  should  fit  tightly. 

(2)  Residual  ProjcCtuins  Loose  Fit  Ti^hi  Fit 

incli  or  larger     ()02  inch  smaller        002  larger 


f 


ARM^^TURE  SUPPORT  PLATE 
K^UNTING  SCREW 


THICKNESS  GAGE 


Fif^^^  1.33-  Cb^^ing  contact  gauging. 


For  cxai^'P^ti^  for  a  specified  residual  projection 
of  :0i:?  inC^' ^  .Ql0:inch  gaagc  shoold  fit  lodself^ 
between  th^^%3tVreand  the  core,  and  a  .014-inch 
gauge  should  tightly 

Bccll^^k  tHe  residual  projection  after 
tightciiing  tH^  l^jjkixi^^^  ^  ^ 

/  for  TC^^h  ^hich  have  release  time  or  hold 
cujn^t  f^^^'^^iT'f'tts,^^  residual  screw  setting 
may  be  vari^  the  setting  specified  on  the  relay 
adjustfi}cnt  In  order  to  obtain  desired 

ofXJrating  .c^'^cWisn^^  At  all  times,  however, 
there  jDUsi  ^  Jierceptible  residual  gap  and  proper 
contact  Pr(i^^^.  •  , 


Mafkf^Z  ^'^^<^d  SQugin^\  The  armature  position  at 
^hicH      C^^i^ct^ JoaJf^  and  break  may  be  chcckwl 
*by  iit^nin^^^  ^p^ificd  ihickn^  gauge  betw^n 
the  anriaiur^       the  coil  core  (fig.  M3)  The  end 

^^l^/^^t  j^t  cover  the  rwidual^fo^ 
and  th^  ref^y  ftipsi  be  electricaiiy  operated  while 
mak]ngj[he^"^i<;.  If  readjustment  is  required,  turn 
the  anf^tuff^-^Upport  pkte  adjusting  screw  in  the 
clockwise  cJi/^icrO  with  a  small  screwdriver.  The 
armatuf^  suPP^  Plate  ttiounting  screw  should  be 
sealed  ^uh  ^%tol  cenieni.  This  adjustment  wilj 
comp^n^ic  ^''^''tnaj  CQn^ci  w  during 
adjustiTicnt,  ^re^v  is  turned  in  too  far,  remove 
the  ami^tur<?  ^Jmaturc  support  and  reform  the 
^™^^tirc  ^n^'ng  it  i^^ards.  To  i^ai  the 
armatur^  saJ'P^^t  p'aie  adjusting  screws,  it  may  also 
^_"ece5saryV^  re^^^^Tm  J^ie  arj^^rtt^^eiby  bending  it 
o^tward^  If  ^  ^^i^y  has  two  jpring^ileups  and  is 


badly  out  of  adjustment  because  of  damage,  it  may 
be  necessary  lb  reform  the  armature  by  bcridirig  it 
outward.  If  a  relay  has  r^o  spriDg  pileups  and  is 
badly  but  of  adjustment  because  of  damagc^^it  may 
be  necessary  to  ^iid_  the  front  eiid  of  the  spj-irig 
combination  clamping  plate  to  even  up  both 
pileups.  This  will  cause  ihe  make  contacts  or  bb|h 
pil^ifw  to  make  at  the  same  timc.^ 

Break  ojntaa  !gcaigin$.  When  the  make  contacts, 
^^iPrbpcrly  ac^ustiKl^  the  break  cbhtactt  wilJ 
probably  be  in  correct  adjustment.  However^  if 
pcadjustmcnt  is  necessary,  the  front  end  of  the  heavy 
break  spririgs  may  be  :adjust<sd  with  the  spring 
adjusting  tool.  EXTREME  CAUTION:  During 
Uiis  adjustmerit,  bc  vcry^  not  to  damage^^t^^ 

pusher  or  stopylf  after  the  heavy  spring  adjustments 
have  been  rnacie,  the  relay  fails  to  meet  its  specified 
electrical  fwjuirenicne,  adjosi  the  tension  of^ihc 
break  springs  by  using  the  proper  spring  adjustment 
^^j^  tool  seljxncd  will  depend  on  the  thickness^ 
of  the  spring  to  be  adjustwl.  i 

Armature  backstop  a^fustnimt  (see  fig.  l-^)- 
Inscn  the  prgjc«tion  of  ttsc  adjusting  tool  into  the 
hole  in  the  armature  backstop  and  twist  thi$  section 
of  the  arinaturc  to  meet  the  nSJuireiricrits. 

Pressure  gauging  (see  fig.  J -35).  Adjust  the  tension 
of  tfc  break  springs  with  the  proper  adtustiiig  toolv 
chedc  the  pressure  with  a  pr»$ure  gauge:  This 
"wjiistmcfit  v^          be  ricoKsary  if  the  adjustment 
she«t  J;aJls_for  specific  pfwoure^  * 

_  Mcchanicai  A^jnstnients  for  the  jC*Type 
RJ^'^y-  The  setting  of  the  raidual  screws  on  relays 
equipped  with  adjustable  residuals  are  specified  iti 
the  relay  adjustment  ^heet. 

For  riesidiw|  projections  sp^ificd  as  .010  inch 
and  smaller,^gattge  .001  smaller  shall  be  locfse  and 
a  .gau^e  .002  inch  largiiy-  shall  JhKs  tighty 
inserted:  For  r^idual  projections  specified  as  .01 1 


CLAMPING  PLATE  AND  ARMATURE 
BACKSTOP  ADJUSTER  TOOL       ^  ^ 


ARMATURE 
BACKSTOP 


ARMATURE  SUPPORT  PLATE 

MOUNTING  SCJEW 

RESIDUAL  SCREW 
AND  LOCKING  NUT 

Figure  1-34.  Adjuttin^  armature  backttop 


ARMATURE 


HC--036A 
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i2n 


H5 


KEEP  GAGJNG  A_RM  PARALLEL' 
WITH  HEAVY  SPfllAIG 


HC-0368 


Checking  conua  spring  pressure. 


inch  or  larger,  a  gaugic  002  i  hch  snial [cf  shall  be 
loose  and  a  gaoge  :002  inch  larger  shall  be  tight 
when  insertttd. 

 For  re  lavs  with  the  no  nadj  us  table  welded  type 

residuals*  nS  adjustment  is  necessary,  but  they 
should  b^  inspected  to  |ee  if  a  ^002  ihch^iigc  is 
loo;ic  when  inserted.  For  relayS:  which  have  relca;sc 
time  or  Hold  current  requircmehts,  the  residual 
setting  may  be  N^ried  from  that  specified  to  obtain 
the  d^imi  t:haractcnstics  but  they  must  always 

have  a  j>5rc^nblc  naidjial  airpff^  • 

_  Contact  ^uginS'  When  the  light  spring  is  a  part 
of  a  break  cdrnbihatiqh  it  shdufd  be  adjusted 
the  pusher  must  move  from  :005  inch  to  007  itich 
before  touching  this  light  spring.  All  the  heavy 
spnngs  whether  they  arc  part  of  a  make  or  break 
combination  should  be  against  the  spring  stop. 

The  armature  i>p5itioh  at_  which  the  Contacts 
make  and  break  may  be  checked  by  inserting  the 
specific  thicknins  gauge  between  the  armature  and 
the  co[l  core.  The  end  of  the  g^uge  most  just  cover 
the  residual  projection  and  the  relay  must  be 

adjustment  of  the  make  springs  is  required  bend  the 
light  springs  with  a  spring  bender  of  the  correct 
size.  To  adjust  the  break  combinations  bend  the 


b^yy  JPD"^  ^  spring  bender.  E^J^trcnie 
caution  should  be  taken  when  adjusting  the  heavy 
springs  to  prevent  breaking  the  pUsheR  and  stops. 

Baclcsiop  setting.  The  relays  having  make  contact 
combinations  only,  the  back  stop  will  be  adjusted  as 
follows:  steridarf  lever  ratio  — the  back- 
stop will  be  adjusted  so  that  a  .012  inch  gauge  will 
enter  freely  between  the  residual,  and  core  and  a 
:b]4  inch  gauge  will  not  enter. 

Electrical  A^tintiiient  for  tbe  A-  and  C-Type 
Relays.  The  current  flow  test  set  will  be  u^  to 
adjust  the  A-  and  C^iype  relays  for  the  operate  and 
noriop<rate  values.  The  relay  adjustment  sheet  wilj 
give  tte  current  values  that  the  relay  is  to  be 
adjusted  to.  If  the  relay  operates  on  both  the  operate 
and  ndribpcfatc  values,  place  more  tension  on  the 
short  force  springs  until  the  relay  operates  on  the 
operate  value  but  will  not  operate  on  the 
nonoperate  value: 

If  the  relay  will  not  o pc rate jon  the  operate  value, 
remove  some  of  the  tension  ori  the  force  spring: 

Exercises  (206): 

State  what  tools  and  test  equipment  are  required  to 
make  each  of  the  adjastmenis  listed  below; 
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ERIC 


1 .  Residuals 


2:  Backstop. 


Sprmg^^£ensi  on ,  brc^     i  ngs. 


4.  Make  or  Break. 


5.  Operate  or  hToiiopera^  value: 


L  -^"(SPf  ^J^H^iop  4^J^¥t^^^i  This  back^tipip 
adjafnpejii^ffccG  the  stopping  point  qf  the 
armature  residual  plate  when  the  relay  is 
d^nc^z^^  U  alsQ  affects  d^lstancc  between  Uic 
light  (movable),  springs  and  the  heav>L  (stationary) 
fRrings  when  the_  rei^^js  dbeiiergized.  Qi^ 
adjiBtment  r^ec»sitates  readjustinj  the  armature 
^  irtplai^.  I. 
Sc^P^T^^  Atom  the  on  1^ 

differcij'cc  between  the  C- type  relay  and  die  A- type:, 
sd  far  as  the  residual  screw  adjusfihent  go«^  is  that . 
this  type  of  relay  dD<^  noth^ve  an  armature su^^rt 
"plaic  to  contend  with.  :  •       "  : 

'^sidi^i/  ^4  ^ckstdp'  dt^ustniehi. 

The  residual  sdrgap  ^houid  allow  the  armature  to 
swidg  freely  on  its  piri;  insure  that  the  gap  is  ah  ev^ 
cUs]£nce  frcrth  the' frame  for .  tbe  length  of  the 
aHnimire  pin,  and  that  there  i^  pniy  a  perceptible 
v^<^^™c^Jl^J^k|tt^^^  , 
relay  affem  the  stopping  pdinC  of  the  armature  and 
spring  con^cts  of^a  de^ergiz^  relay  in  muchsthe 
same  way  as  on  the  A-type  relay.    '  ^ 


2d7<^itreli  fttatemeDts  dei^rlbing  relay 
oeedied  Jo  be'  imile. 

•■■  ■  :--  -■■  '  .  :    V-    •-  -  .  -  -  •  _ 

As  wc  Mid  in  of  Strowgcr  rela^;  hp^  ^ 

one  adjustment  leitects  othen  b  a  knowledgi^  you' 
necxl  in  order  to.  properly  adjust  and  trbubl(^hbot 

relays. '     _  : 

Adjvitiiieiit  RelaMoDshtps.  The  adjustment 
rela&r^  _SorombCTg-Ca^^ 
most  cases,  (xinisiderably  different  from  Strou^ 
relays  because  their  cbhstnictioh  is  cbhsiderab^ 
different   _  ' 

A-type  residual  scrtw  adjuamtnt.  The^  residual 
screw  adjuiti|ient  not  only  determinn  how  quickly 
the  armature  restores  when  the  relay  is  deenergized; 
it  also  determines  |he  amount  of  armauire  residual 
plate  travel  when  the^relay  operata.  It  also  wori^ 
with  the  armature  support  plate  and  its  adjusting 
^rcw  to  deterrhlne  the  amount  of  travel  of  the 
spring  pttsho-  which  ' causes  the  spring^  contacts 
(lightX.tb  niove.         /  '^  * 


/ 

Ex^rciJ^  (207): 

State  what^justment(s)  is/are  required  for  rach  of 
the  problems  lisjted  l^Ibw. 

.  ■ . '         "  t' '  ^ 

1,  The  light  ipnn^  of  ah  A-typcjrelay  travel  tbo 
f^rj^hCT  ^  relay  The  residua^  and 

backstop  settings  are  correct  _ 


2.  Sometimes  the  armature  of  a  C-tgpe  relay  fails 
to  pull:  up  when  the  relay  is  energked  ^  it  pulls 
tip  sjowiy.  The  residual  airgap  and  backstop 
adjustment  are  correct 


ph  _A-Sl>"^  J^lay  t^^  contacts  arc 

touching  tfie  piFeceding  numbered  heavy  spring 
contacts.  The  residual  scr'ew  adjustment  Ms 
correct 


27 


17  '  ■ 

QHAPTER  2  , 

toiephbm  Systems  SvMlte^  ' 


MANY  CErfTlJRIES  taye[»Qsed,  yet  the  Romans 
are  reoognize^i  as  haViHg  been  great 

?pa4^uj[ders.  Ma 

hundreds-of  yean  ago,  are  sttll  being  used  in 
Europe.  Their  "engineers**  realized  thkt  merely; 
laying  a  road  from  one  noiin  point  to  another  did 
not  provide  adequate  access  for  travel  to  and  from 
*ny^  t  the  "  in-_l  itic" jjoints.  Thus*  Jhey  calved  the 
**network**  principle  of  roadbuilding,  with 
CTOSsiiigs  or  intcrchahgcfegffording  the  traveler 
alternate  routing  to  enabi^^m  to  seiectjhe  path 
that  most  adequately  satisfiMl  his  head.  This 
nctwoi*  principleji^  rc«ngine^<xi  jjycr  the 
years  into  countless  appitcatlon^$nere  xherc  is  a 
nK^uirmeht  for  Heublejpuung  along  efficient 
traffic-handling  opacity;  in  a  similar  manner, 
switcha  in  the  dial  telephone  switching  center 
provide  both  the  rojatlng  flexibility  and  a  (Opacity 

for  handiing  traffic  efficiently.   ' 

Homi ng!  Nonhumcriial!  N um 
words  should  be  familiar  to  a  telephone  switching 
specialist  The  first  of  these  could  make  you  think 
of  your  own  home:  that  wonderful  place  so  d^  to 
your  hcasx  and  so  fill^  with  joy  when  you  are  there. 
Yes,  tKough^  of  that  home  where  ^ii  jiyc^ay  give 
you  a  feeling  of  pleasure,  but  we  must  think  about 
another  type  of  home.  Stcppihg-tyj:«  switching 
devi^  usrally  have  a  home  position,  too.  A  device 
that  returns  to  the  isame  Ibcaubn  (home)  at  the 
<x)mpli^on  of  1^  of^rating  <$cle  has  been  referr^ 
to  as  a  homing  device.  Release  of  the  switch- 
stepping  meqhanisih  penhia  the  devi(^^^ 
a  normal  (at-r^t)  position  bemuse  of  spring  action 
and  the  fordi  of  gnivity.  A  "homing  device**  is  also 
d^rfincd  is  bnir  il^^^^  ^rts  m  the  cdn«t 
direction  of  motion  or  rotation.  From  the  home 
pbsitibh,  the  switch,  shait  rm)>^  in  a  specific 
dire^on  because  of  a  combination  of  pawls, 
ratchett,  and  detents,  and  as  a  r^tt  of  circuit 
connections  made  by/relays.  Therefore,  the 
^epping-type  switches  fit  both  descnptions;  they 
nemrn  home,  and  they  a^lways  smn  in  a  presOT 
direction  of  travel.  Nonnumerio^i,  in  the  telephone 
laoguage,  refers  to  equipment  that  is  cbmpiietely 
automatic  therefore,  it  is  not  controlled  by  the  dial 


of  the  telephone  at  ti;^e  calling  station;  Numerical, 
to  a  telephone  sw^|!^an^  refers  to  equipment  that 
is  under  the  cdno^  of  the  dial  at  the  (filing 
telephone. 

2-L  Strbwfer  Switches 

Thc^  telephone  switch  cdmpletw,  intefnipts,  or 
change  connections  in  a  telephone  system.  The 
swi  tch  actions  t|yke  pjati^  _wi^ j  ^^^^J|j^9^  Pf 
relays;  The  resulting  connections  complete  circuits 
between  vertically  and  torizoh tally  placed  contacts 
or  betw«sn  fndividaaj  banks  or  vertl^lly  placed 
contact. 

•^Wc  Jiayc  smtcd  tfet  thc^rdgrtMof  a  <^1L^2^8^ 
the  automatic  switching  equipment  is  comparable 
to  the  prognns  of  a  call  through  tfe  manual 
switchboard:  Remos^j  of  the  handset  stmrG  a  series 
of  activities  that  provide  a  connection  between  the 
^jlihg  telephone  and  the  called  telephone.  In  the 
manual  system,  the  operator  completes  the  call  by 
means  of  a  cord  circuit;  whereas  in  the  automatic 
system,  relays  and  switches  complete  the 
cbnnectiphs. 

The^trowgcr  telephone  system  uses  relays  and 
stepping-type  switches*  The  system  works  so  that 
one  of  several  operations,  or  stejjs^  is  completed 
before  another  begins  to  progress  toward 
cbhnectiph. 

_The  Strowger  stepping  switch^  are  most  often 
referred  to_  as  single  motion  and  two  motion, 
because  of  _thcir_  cqnstniction.  SmgK-motjon 
stepping  switches  include  minor  switches  and  rotary 
stepping  switch^.  Both  types  of  stepping  switches 
have  a  stepping  m^hanism  and^a  set  of  contacting 
arms  (wipers).  The  stepping  mechanism  mov^  the 
wifMsrs  ox^_A_  ^]^V^_^^^ 
daired  contact  or  set  of  contacts.  The  wipers,  rest- 
ing oh  thiii  contact  or  set  of  contacts,  complete  a 
conn^tion  between_two  circais:  die  circuit  that 
terminatei  at  the  wiper  is  connected  to  the  circtrit^^ 
that  terminates  at  the  contac^^    set  9^  contacts- 

^r  concern  in  this  section  is  the  Strowger  nvo- 
motion  stepping  switch:  its  makeup,  operation, 
adjusonent,  and  adjustment  interactions. 
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Figure  20.  Two-motion  Strowger  switch,  half-right  view. 


Mratify  selected  puis  snd  suite  the  fanctioa  of 
each* 


Twd-MdlHnt  Switcbi»«  A  two-moUdn  stejy}^^ 
switch  consists  of  the  shafts  wipers,  magnets,  cams, 
|«wls,  springs,  etc  comprise  a  stepping 

mechanism,  in  ;addition  to  this  stepping 
m^hanism,  you  will  find  twb-mbtiph  switch^  that 
'  Include  control  reteys^d  a  oontact  tumk  a^ettibly. 
The  iu>ntact  bank  assembly  has  the  contacts  which 
tcminatclhe^j^^  T^J^pcriof 
the  stepping  mechanism  touch  these  contacts  when 
they  are  stqjpMl  to  the  bank.  Tlie  control  relays 
govern  the  el^^t^l  ciraiit  o^thc^swiich.  ^igui* 
2-1  shows  a  view  of  the  Strowger  two-jnotion 
l^^^i^ii^  s^^ii^  ?n<l  ilfitire  2-2  pi(mim  t)^  same 
switdi,  but  from  the  opposite  side.  Note  that  diese 
illustrations  reveal  the  pdhtact  banks  as  being  a  part 
of  the  switch.  The  switch  bai^and  control  f^l^ys  arf 
not  pictured,  but  they  also  are  considered  to  be  part 

the  switch.  The  yeitii»l  mag^ 
the  operation  of  this  Strowger  switch:  The  armature 
associated  with  this  vertical  m^et  presses  a  paw] 
a^inst  a  toqth  of  iht  ^^nic^  ratchet  on  the  switch 
shaft,  ^us  raising  the  shaft  one  step.  The  wipers  are 
!P_QUl*t«J  5^>JL  shaft  tterrf^^^  tiw^  mp^  Irit^  - 
position  opposite  a  level  in  the  ix>ntaa  bank:  A 
holding  detent  prevents  the  shaft  from  return ihj  to 
Uie  home  position.  Each  operation  of  the  vertical 
magnet  steps  the  shaft  over  an  additional  tooth  of 

_ratchet  The  sutionary  detent  sup]X)rts  the 
weight  of  the  shaft  during  rotary  stepping: 
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.  The  second  motion  of  the  switch  is  a  rotation  of 
the  shaft.  Current  in  the  rotary  magnet  operates  the 
rotary  armature^  A  pawi  attached  to  the  operated 
armature  engag^  a  tooth  of  the  rotary  ratchet, 
rotating  the  shaft_  one  step  honzdntally  over  the 
level  of  the  contact  bank.  Each  time  that  the  rotary 
magnet  restores,  the  armature  withdraws  the  ]>awl 
from  the  rotary  ratchet.  The  shaft  cannot  return  to 
the  first  position^  though,  because  the  rotary  detent 
^J4l  1^1^  ^  &cl<^t^  F^sitJon.  Each  operation  of 
the  rotary  magnet  steps  the  shaft  once  horizion tally 
pver  the  cphtact  barik  level.  Rc^  this  level  of 

the  contact  bank  over  which  the  wipers  are  passing 
was  selone^d  by  a  vertical  stepping  action.  The  two 
mbtjdns  of  this  w[tch»  then  vejti^l  Jtepping 
followed  horizontal  (rotary)  stepping.  The 
wipers  are  springs,  and  their  tips  press  against  the 
contacts  in  the  bank  as^mbly;  thus  they  provide  an 
electrical  connection  when  the:  switch  has 
completed  jts  bperatjon.  WijJcf  cords  (conductors) 
extend  from  the  wipers  to  a  wiper  cord  terminal 
strip  mounted  near  the  top  of  the  bank  assembly.  By 
mi^ns  of  th^  wiper  cords,  an  eiectri(si  circuit  csn 
be  completMl. 

TJl^  and  shaft J>f  thcjw<>mbdon  Strowger 

sVhtch  are  restored  to  the  at^rest  position  when  the 
rej^^  tnagnet  pji^rates. .  The  bj>eraiai  release 
ma^iSt  attracts- the  release  armature  which,  in  turn, 
pre»es  against  the  double  detent.  The  double  detent 
pivots,  thereby  withdrawing  the  vertical  and  rotary 


Figure  2-2.  Two-motion  Strowger  switch,  half-lcff  view,  * 


U 

Figure  2-3; .  Veriest  Meppinf  mechsnUm. 

detents  from  their  respective  ratchets  of  the  shift 

ratchets^  because  of  a  release  link.  The  release 
magnet  is  permttted  to  rtttpre.  A  helical  spnng  aj 
the^upf^j^nd  of  the  shaf^  which  is  tensioned 
during  the  rotary  action,  causo  the  shaft  and  wipers 
rotate Jo^^^^  the 
bank.  The  st^onaiy  detent  prcvenS  the  shaft  from 
drbp|)ihg  dSiiing  this jrn^  y^Lfhaft  to  the  left. 
Gravity  r^torra  the  shaft  to  the  home  position  from 
the  mUd  jx^tibn. 

__  We  tovt  said  tte^  inepping  switch^  consst  of  a 
stepping  mechanism  and  a  set  of  wipers.  They  may 
have  one  or  more  banks  of  contacts.  Let  ^  now 
look  at  th«e  units  in  the  Strowger  two-motion 
stewing  sviatch  more  cl(Mely.  i 

^^n^^i I^'^^^^J^j-  f^fiM*  ?•?  shows  a  view  of 
the  stepping  mechanism  for  the  Strowger  stepping 
switch.  Isblatihg  the  mechanism  in  this  ^hion 
allows  for  a  better  understanding  of  the  switching 
aoions  and  olthe  position  and  the  function  of  each 
cpmj)onent.  _T^^_y«j3ical  ™  is  actually  two 
coils  which  are  series  connected.  Current  in  their 


Figure  2-4.  Rotary  stepping  mechanism. 


Figu^  2-S.  Strdwgdr  switch  release  rnediahisth. 

windings  causes  the  vertical  Armature  to  move 
toward  the  corei  Accordingly,  the  moving  armature 
actiN^tei  other  devicei^  The  small  finger  that 
projects  from  under  the  vertical  armature  lifts  a 
reLc3|*c  Jthk,  ^^"ch  i«rmite  the  double  detent  to 
move  against  the  ratchet  under  the  pressure  of  the 
double  detent  spring-  The  vertical  pawl,  which  is 
attached  to  the  vcrtiaii  armature,  mova  upward 
while  pressing  against  the  V(^cal  ratchet  because 
of  Jhis  pr»sure,  Jhe  elevating^ Vertical  pawl  Hfts  the 
ratchet  which^  in  turn,  raises  the  shaft  The  shaft 
mounts'thc  wijcrs.  Fjgure  2-3 
wipers,  but  figure  2-6  do«.  Each  operation  of  the 
vertical  magnet  raises  the  shaft  the  distance  which 
\  *5P^lsjhc  iength  of  one  tooth  of  the  ratchet:  When 
the  vertical  magnet  restores,  likewise  releasing  the 
ycfycai  jUTtwnire  <^U5es  the  vcrti<»]^wj  to  be 
withdrawn  from  the  ratchet  The  released  pawl  is 
held  awa^  from  the  ratchet  twrUi  hy  ah  am  ^^^^ 
stationary  detent  Figure"  2-4  shows  this  lower  arm 
on.  the  stationary  detent  but  it  does  not  show  the 
e«ct\sionjjf  the  vcrtiaii  ^wl  (vertical  finger)  which 
rests  against  the  arm.  The  tension  of  a  flat  spring 
r^^tores  tlw  amaturc._  This  spring^  is  not  sh^^ 
figure  I'l.  Meanwhile,  the  upper  finger  (called  the 
vertical  detent)  of  the  double  detent  has  slipped 
under  the  tooth  of  the  vertical  ratchet  beoiuse  of  the 
pressure  exerted  by  the  double  detent*  spring.  The 
>^rtical  detent  toldsth^ 

When  the  switch  is  not  being  operated,  the  double 
detent  is  held  clear  of  the  shaft  ratchets  a  flat 
spring  (the  rel^e  link).  Figure  2*5  identjfira  this 
rel^ise  link.  The  cutout  sonion  of  the  release  link 
drops  oyer  a  pr(^«:tmn  bri  Jii^  to 
hold  it  out  of  engaqgemeht  with  the  ratchet: 

Figui^  2>4  pictures  a  closeup  view  of  the  rotary 
stepping  mechanism  for  the  Strowger  switch^ 
Again,,  you  can  ^ee  two  series-conneaed  coiis 
which  have  been  given  the  nomenclature  ''magnet.** 
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Figure  2  6:  Scrowger  smith  oonact  wiper  asKinbly. 


The  operating  cuircht  in  this  rotary  ihaghet 
prcKiuo^  a  movement  of  the  rdtary  srmatare:  The 
rotary  pawl,  attached  to  thci  moving  armature, 
press»  i^hst  tlK  rotaury  lutcfe 
swtt^  shaft  rotates  the  wipegliorizontany  along  a 
.  level- of  the  contact'  bank.  The  stationary  detent 
^p^ms  the  weight  of  the  shaft  daring  this  rotary 
movement. 

NOTE:  When  the  shaft  steps  vertical ly.  the  sutionary 
detent  tma  within  a  groove  on  the  side  of  the  vertical 
rataiet 

Taking  the  fiist  rotary  step  moves  the  groove  of  the 
ratchet  from  tte  j'n^l^ 
protruding  edge  of  a  tooth  over  the  detent;  thus  a 
trahsitibh  is  made  from  the^itical  detenfs  sipf^ 
to  statiofuity  detent  support  The  vertioii  de^nt  is 
not  able  to  support  the  shaft  during  rotary  stepping 
because  thens  is  cleaxano;  t^wmi^it  and  the  a:ige 
of  the  ratchet  tooth.  This  c)juurance  is  the  result  of 
rotating        small  fn'ojectiohs  on  the  venioLj 
ratchet  The  drcls  s^wn  at  ^h  tooth  of 
vertical  ratchet  in  figure  2-5  represent  these 

detent  rested  under  such  a  projection,,  but  during 
rotary  stef^ihg  the  prbfeciio^^  Jhc  in-line 

p^iuon^  This  ratchet  projection  also  aljows  the 
stationary  detent  to  slip  under  tiie  ratchet  tooth. 
Fallowing  each>rel^ise  d^  the 
rotary  pawl  is  withdrawn  from  the  rotary  ratchet.  A 
flat  spring  within  tte  rb  annature  prjM^ 
a^inst  an  adjusting  screw  and  supplies  restoring 
tension  to  the  armature.  A  fixed  residual  on  the 


/to 

inagnc^Lf^."*^^ 

of  current  in  the  magnet  operating  circtiit.  The 
r^tor^  rotary  arrjiature  rests  apih^^^  pin. 
This  stop  pin  provids  that  the  rotary  pawl  just 
cl^rf  the  shaft  during  its  vertical  stepping.  The 
rotary  detent  holds  the  shaft  in  the  rotated  petition 
until  the  succeeding  ac^tion  is  begun.  This  action 
could  be  Mother  rotary  step  for  the  shaft  or  a 

release  of  the  switch:   .  ^ 

Figure  2-5  is  a  cloicup '\Hew  of  the  release 
rn<xhanism  for  the  Sux>wger  switch^  The  single  coil 
of  this  release  magnet  operates^hen  the  current  is 
in  the  witch  re  leasing  c 

mi^net  moves  the  rel^e  armattire  against  the 
double  detent.  In  response  to  this  pressure  from  the 
antialure  and  the  atinature  relauw  ^rew,  the 
double  detent  pivots  away  from  the  ratchets  of  the 
switch  shaft  and  into  fx^itiph_fo^^ 
release  [ink.  Since  the  rotaxy  detent  is  withdrawn 
from  the  rotary  ratchet  by  (he  armature  aaibh,  the 
hcji<»l_shaft  sjJxi  to  rotate  the  ihaft  to  clear 

the  wipers  from  the  bank  and  return  ihe  groove  of 
the  vertical  ratcfet  to  thc^sm^^ 
detent.  When  the  statioiiary  detent  slidesl  into  this 
ratchet  groove,  gravity  returns  the  shaft  to  vie  home  ^ 
posjtidn^  Remember  that  the  double  detent  spring 
presses  the  double  detent  against  the  ratchets  during 
switch  stepping.  AlMi,  ttM;  rntdnMI^  i^i9J^ 
the  vertical  off-normal  (VON)  switch^by  placii^ 
weight  onto  a  lever  which^  in  tum^  presses  against 
movable  contact  qprinp  of  the  VON  switch: 

Contaa  wiptr  jassembiy.  Figure  2-6  re^y  Is  three 
contact  wipers  which  are  imunted  at  tiKj^er  jMrt 
of  the  switch  shaft— control-tanki  vertical-bank, 
and  line-bank  wipers.  The  control-bank  wipers  are 
plao»J  J^if^r  on  the  sl^t  Ix^u^  th<^  mist  ride 
over  contacts  of  the  control-bank  section  of  the 
^ntact  bank  asMmbly.  JHus  ujg^unj t  consists  of 
springs  which  have  an  insulator  between  them.  The 
li|K  of  the  wipers^  shc^  to  the  left  side  in  figure 
2-6^are^auated  and  have  a  flattened  aroi  which 
permits  reliable  connectibt)  with  the  bank  contact 
A  pair  of  wiper  (^i^jcnninate  at  tl^  oppoijte  end 
of  the  wiper,  as  shown  to  the  ri^t  of  the  figure. 

NOTE: Hus  lemfinil  coipieaioii  lo  nvo  oordt  doei  not 
t  alwiys  hbia  true,  because  Uie  temiiiiats^ui  6e  firapped: 
Iii  this  latter  case,  one  wiper  obrd  it  iufTidait. 

ycitiMl-b«nk_  w^ 
control-bank  wiper,  but  this  specific  wiper  is  found 
only  oh  a  special- jwrpo^ 
lineftnder:  in  the  liiKfinder  ^nipnient,  this  wiper 
searches  for  a  marked  level  on  the  vertical  bank.  ^ 
The  yerti^UtMink  wijio-  moves  qtitwaril^a^v^  from 
the  vertical  bank  foi lowing  the  first  rotary  step.  This 
yertical-tenk  wiper  differs  from  the  other  wipei^  in 
that  it  h2B  only  one  lip  and  it  is  mounted 
perp>ehdicular  to  the  shaft  rather  than  hdnzbntal. 
THe  line-bank  wipers  are  shown  near  the  loop  of 
the  wiper  cords.  Their  construction  is  identical  to 
the  control-bank  wipers. 
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Figure  2-7.  Sux>%^er  switch  cohuc^  banic  assembiy. 


Some  Strow£^r  stepping  switche  have  two  line- 
t^uik  wi^rs  rather  than  only  the  one  as  figure  2-6 
ihp}'^'  The  cdritrdl-baii  and  Hne^t^k  wipers  are 
'  placed  on  the  shaft  with  their  Jhome  position  being 
one  step  below  the  asKKnated  bahk  of  cx)nte^ 
one  step  to  the  left  of  the  first  set  of  contacts  in  the 
first  level.  The  cbhtrol-bahk  wipers  are  mounted  to 
9j^^^^  ^3  unison  with  Jlfe  line- bank  wif^rs.  When 
the  iine-i>ank  wipers  are  elevatoi  to  a  specific  Jevel 
(row)  of  teiik  c^iitaos  m  thc  fow  of  the 

bank  assembly,  the  control  ^¥iper  is  raised  to  the 
cdrr»pbndihg  row  of  cphtacts  in  the  upper  bank. 
In  other  words^  if  the^switch  jtcps  five  timis,  th^ 
line-bank  >vipers  are  positioned  to  rot^  over  the 
fifth  row  i>f  i:prita(;»_ijrtlw.  1^  Jl^fy^i^^ 
the  controL-bank  wipers  are  positioned  to  rotate 
over  the  fifthj  row  of  cdhtaco  in  bank^ 
I^ow,  rotating  the  shaft  one  step  permits  the  wiper 
lips  to  rest  against  the  first  contacts  in  the  selected 


bank  level.  Additional  rotations  enable  the  wipers 
to  test  the  subsequent  contacts  in  the  bank  level. 

NOTE:  The  wi|»rs  icrmiriology  is  derived  trbm  the 
bank  ouembiy  with  which  it  funaions. 

Cqntdct  bank  os^p^^jy^  y^&l^  T'l^  %^9W| 
pardai  vie\v  of  a  Strowger  switch  bank  assembly,. 
You  can  see  the  10  control  bank  levels  I  through  0, 
but  ydu  have  to  assume  that  there  are  other  banks 
below.  Level  Q  of  a  Hae  iMink  is  also  identified. 
Each  bank  level'  is  shaped  in  a  Semicircle  and  has  10 
contacts  or  10  pairs  of  contacts.  The  contacts^  are 
brass  and  they  are  separated  by  insulatidn.  Each 
contact  extends  through  the  switch  and  then  beyond 
the  insulator  for  a  short  distance.  This  extended 
pbrtibri  allows  the  conductors  from  lines^  trunks,  or 
other  circuits  to  be  terminated.  The  control-bank 
wi|>ers  of  the  two-motion  switch  of  figu^ 
100  points  to  tsi,  since  tHcrc  arc  10  levels  with  10 
contacts  to  each  level.  The  contacts  of  this 
Ujiistrated  control ^nk  an^desigiiatbd  control  (C), 
and  they  correspond  to  the  sleeve^ (S)  designation 
for  a  (ibntrpl  lead  in  other  equipmbiu.  A  control 
i^nk  may  have  100  pairs  of  contacts;  in  this 
arrangement,  the  extra  conductors  are  designated 
extra  control  (EC)  or  special  cdnu-ql  (SPL  C). 

In  a  line-bank  level,  the  10  contacts  are  paired^ 
one  contact  plac^  above  the  other.  The  upper  10 
contacts  arc  caUed  ne^tive  (  — ),  and  the  lower  iO 
contacts  arc  referred  to  as  pceitivc:^-!-).  Th<»e 
^csighAtipns  cqrresjjqnd  to  the  ring  (R)  and  tip  (T) 
conductors  in  other  equipment.  Line  banks 
tcrminate^is  cable  I»irs  from  tclcph^ 
trunksruialing  and  (siting  circuits  are  completed 
through  the  contacts  of  th^  banks. 
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8.  E,  figure  2-9. 

9.  D,  figure  2-8. 


209.  Giveh  sUiements  desc^^^ 
adj^mcnt  probleaB,  s^c  what  adjiBtnieiit^s) 
need  to  be  made  and  what  to61(s)  should  be  used 
fbr  iMich  ad||ii9liiieiit. 

The  basic  purpose  of  switch 
trouble  prevention  rather  dian  trouble  clearance, 
since  one  5witch  in  trouble  may  hot  affert  a  call 
through  the  central  offiK   When  Jt  bc^^^ 
li^sssary  to  perform  preventive  maifitehanpe  on  a 
Articular  switch  in  your  cciitnd  Jiglc^^^^ 
siinilar  Jo  _ii5l^  maintenance,  rnvStv*^  testing, 
adjusting  (if  necessary),  and  cleaning  the  switc^^^^ 
long  as  a  switch  jxrform^  its  function,  we  suggest 
that  you  make  no  attempt  to  adjust  it.  A  switch  ^ill 
operate  satisfactorily  as  jong  as  it  remains  within  its 
maximum  allowable  range  of  adjustment.  Due  to 
normal  use,  you  should  expect  a  switch  \o  deviate 
some  from  ite  ndfmal  opei^ting  valua.  However,  if 
you  determine  that  a  switch  is  out  of  its  maximum 
alpwablc  range  of  adjustment,  naturally  it  must  be 
adjusced^  _ 

Teeing  the  Switch.  The  ibgi^l  appr  to 
switch^  maintcfiance  is  to  first  test  the  switch  to 
determine  if  it  is  operating  properly.  

Adjiistliig  the  Switch.  After  you  have  tested  a 
switch,  you  find  that  an  electrical  or  mechanical 
adjustment  is  necessary.  t_f  thc  clectrical  adj 
pertains  to  the  conm5i  rejays  of  the  switch,  you 
should  applx  the  principfe  of  relay  meuntcnance 
covered  in  Chaptej^  I .  On  the  other  hand,  if  the 
switch  requires  a  mechanical  iSjustnieht,  such  as 
Se  vertical  or  rotary  stepping  itiechanisiT^^^ 
would  have  to  refer  to  the  manufacturer's 
specifications  aporopriate  to  that  switch.    „  ^ 

In  order  to  l^h  the  twihniquas  of  mechanically 
adjusting  a  switch,  you  must  practice  adjusting  it 

.  '  129 


VERTICAt  PAWL  FRONT  STOP 


MAGNET  LOCKING 

VERTICAt       \  '  MAGNET 
PAWL 


VERTICAL 
PAWL  SPRING 


ARMATURE 


Figure  2-td.  Vehical  stq>prng  mechariivn. 


As  we  did  wijh  re[ayjdjustment,  we  will  limit  our 
disoBSsion  to  the  effects  that  the  mechanical 
adjustment  will  have  on  the  witch.  A 

Wc  wHl  not  illustrate  a  complete  switcffncrc.  We 
willxcview  the  mechanical  furictiqiis  of 
and  illustrate  the  itiain  F»rt3  of  it  which  periodically 

need  adjustment.        _  ,       _  !  

The  twb-mbtigh  Strowgcr  stepping  switch 
cdrisisQ  of  a  shaft,  wipers,  vertical  and  rotary 
ma^e^,  cam,  pawls,  springs,  ctc.^  wh^^ 
the  ste^ihjg  m^hanism.  When  current  is  applied  to 
tific  vertical  magnet  of  the  switch,  an  jumature 
assbciaiiwl  with  thc  magnet  prc^«  a  paWl  against  a 
tooth  of  the  verti<ai  ratchet  on  the  switch  shaft,  thus 

Msing  the  shaft  one  step.  Let^s  |top  right  here  and 

iew  Jhe  vertioU  stepping  mechanism. 

Vertical  stepping  medvmism.  Notice  in  figure 
2-10,  the  vertical  stepping  mecto  coraiacs  of 
the  vertical  mz^et  and  its  armature,  the  vertical 
pawL^prihg,  vertical  pawl,  Md  ratchet^  _ 

What  items  should  you  consider  concerning  the 
adjusunent  of  the  vertical  stepping  mechamism? 
Actually  just  afeut  evrr^^  sec  in  figure 

2-10.  Consider  the  vertical  magnets.  If  the  magnets 
are  not  fxjsitiohcd  according  to  requirements  set 
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Figure  2-1 ! .  Vertical  stepping  mechanism. 
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Figdifx  2-12:  Vertical  ttqiping  m^ianiun. 


forth  in  the  manofacturer^s  jpeciftcations,  the 
^^I^L  Pl2iy_  Pf  the  shaft  will  be  affcctod.  For 
example,  the  free  vertical  play  of  the  shaft  should  be 
between  0/002  inch  and  O.OlO  inch.  If  the  vertical 
p!*X  !^  ^^yc  0J)1()  hich,  the  ms^^ 
raised.  If  the  vertical  piay  is  below  6.005  inch,  the 
verticil  Hiagnets  sl^  lowered.  In  figure  2-10 
notice  the  vertical  annature.'  You^  can  scs  that  the 
vertical  pawl,  which  engages  the  teeth  of  the  vertical 
rau:het,  is  jg^ich^  %npture  is 

out  of  alignment,  the  vertical  pawl  will  also  be  out 
of  AUMn^^tih  relation  to  the  vertical  ratchet  teeth. 
Since  die  requirement  for  smooth  vertii^i  stepping 
is  to  have  the  vertical  pawl  ceirtemi  to  the  vertical 

bold  the  aunimire  either  to  the  Jeft  or  rifi^t  to 
I^J^n  the  paw]  so JhaUt^cenim  ti^  vertical  shaft 
Figure  2- 1 J  shows  a  different  view  of  the  verti^l 
stepping  mecbanism.  It  shows  the  vertical  ratchet 
and  asociatpjd  double  and^jta^ei^ry^do^t.  The 
finnctiba  of  the  double  detent,  oiften  called  double 
J*?<^>@*Y^nt  the  ^  r^toxingib  hbrihal 

when  the  switch  is  stepping  in  a  verti^  or  foory 
^i^^pii.  The  purpc»e  of  the  stationary  detnit  is  to 
support  the  wei^t  of  the  Jlutft  during  rotary 
stepping.  Again  referring  to  figure  2-  i  1 ,  the  double 
^9i_^"^'f¥^/^_^^  <^c^t  iiid  rotaiy  detent 
During  vimi(ai  stepfMng;  the  vertical  dQent_  rid(» 
oyer  the  flanks  of  the  vertical  teeth.  The  vertidil 
d^ent  will  drop  in  under  a  verti^l  tooth  just  J^qre 
the  vertical  armature  has  traveled  its  fiill  distance, 
^_J>**^^t  Jhc^s^^  normal 
during  vertical  stepping:  The  rotary  detent,  during 
the  cbur&e  of  vertical  stepping,  remains  static  in  a 
groove  of  a  rotary  tooth.  Figure  2-12  is  another 
view  of  the  vertical  stepping  mechanism.  This  vifew 
shows  the  double  dog  spring  which  holds  the 


vertical  dbg  in  its  prbpcr  place  in  relation  to  the 
^^JtJ^l  l^th^l^jJ^  t^^  is  Msing.  Also  this 
view  shows  an  extension  to  the  double  dog,  which  is 
^sspciatttl  with  the  release  mechanism  of  the  switch. 

Now  thaijfcVc  jxpjained  the  functions  of^ the 
major  itcm^that  make,  up  the  vertical  ste^^ing 
mechanism^  let's  briefly^  consider  certain  - 
adjustments  that  periodically  have  to  be  made.  With 
»  refcrenoc  to  fi^rc  2-12,  the  vertical  dbg  must  have 
a  certain  clearance  between  its  top  surface  and  the 
uhdereide  bf  the  vertical  t^th  when  the  switch  is 
operat^  Jo _kecp  jthe  verti^l  oycrthf  bw  of  the  shaft 
at  a  minimunu  This,  insures  smooth  vertical 
*t<$!>ihg  of  the  switch.  If  the  vertical  overthrow  bf 
the  shaft  isexc^ive,  yoiijiiust  bend  the  veftij:ardbg 
up  tb  AOntxn  the  problem.  Notice  the  double  dog 
ffir»'S_*!LX*&'*_2-J2.  I^^  to  provide 

tension  enou^  gainst  the  vertical  detent  so  that  the 
detent  will  nbt  become  disengaged  from  the  vertical 

measured  in  grams,  and  approximately  250  to  400 
f™?*'  tfiwibn  Js  requirtd  to  seoire  the  vertical 
detent  With  reference  to  figure  2-12,  notice  the 
statibnaiy  detent  A  groove  is  cut  in  the  verticil 
ratchet  and  the  s^tionaiy  detent  must  l^suljusux^ 
pass^  through  the  groove  when  the  shaft  is  being 
Inbyed  up  or  down.  The  statibnaiy  detent  has  no 
fimction  with  the  vertical  stepping.  Its^nction,  as 
mehtibned  previbusly,  is  to  support  the  weight  of 
the  slwft  during  rotary  stc^ 

The  rotaiy  stepping  of  a  two-motioa  stepping 
swteh  woi^^  bh  the  same  order  as  the 

vertical  stepping  meclranisms:  As  a  matter  of  fact,  Jt 
has  the  same  number  bf  acting^  parts:  rotary 
tna|^a^,  armature, ratchet jui^  These 
parts  need  periodic  adjustment  as  does  the  vertical 
tn^^fiahiOT.^  sinc>e  the  rotary  stewing 

fimction  is  similar  to  tiie  vertical  stepping  function, 
we  will  not  discuiB  the  mechanism  in  terms  of  Its 
adjustment;  instead,  lef  s  take  a  look  at  and  talk 
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Figure  2-13.  Release  medianism: 
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about  the  release  mechanism  of  a  two- motion 
switch: 

Relexise  mtfcfemsw.  Figure  2-13  pictures  » the 

swlich.  The  reiea^  mechanism  consists  of  a  release 
ma^eU  release  armature,  release  anhaoire  pin,  and 
release  link:  The  release  m^hanlsm  operates  to 
restore  the  switch  to  normal  after  the  switch 
?9*?p1^^^^  y^I^cal  and  rotaiy  stepping.  With 
reference  to  figure  2-13,  the  release  magnet 
operates  and  attracts  the  release  armature  which,^  in 
turn,  pr^t«  a^inst  the  double  detent.  The  double 
detent  pivots,  wtthdnnving  the  vatical  and  rotary 
^^^^  ^rom  ti^ir  _r^t«<^ye  ratci^ts  of  the  shaft. 
The  double  dog  (double  detent)  is  not  permitted  to 
return  to  the  ratchets  because  of  the  release  link. 

The  adjustments  required  for  the  release 
mechanism  are  rclsui^^l^  the 
release  armature  stroke  must  be  adjusted  so  that  the 
striking  pin  of  the  armature  prases  the  double  dbg 
with^DUgh  force  to  withdraw  the  double  dog  from 
the  vertical  and  rotary  ratchetSL after  stepping.  Also, 

Idiking  pin  must  be  turned  in  or  put  so  that  the 
release  link  will  drop  over  the  lug  of  the  double  dog 
without  binding.  -  ^ 

Switch  CImibI^,  Good  housekeeping  is  the 
^l^^J^^^^^'^LI'iiS^^.^^  nKjuired  to  k^p;^bur 
central  office  operating  properly;  Dust  and  dirt  on 
the  witeh  mechan  not  only  cause  the  switch  to 
deterioj^te^  but  ran  prevent  its  stepping:^  When  it 
bec6m«  he<^sary  to  cl^  the  switch,  the  parts  to 
consjder  are^  te  ba  relays,  and  all 

accessible  moving  parts.  As  you*ii  recall,  relay 
cpt)tacts  can  be  cleaned  with  a  piece  of  bond  paper 
and  the  acc^ble  moving  pare  can  be  ci^uied  with' 
a  lint-free  cloth. 

A<y«tiiif  Tools.  Figure  2-14  picture  some  of 
the  more  iinportant^ok  ium^  in  adjusting  the  two- 
motion  Strowger  stepping  switch: 

a  Fifurt  2 -  J 4, A^shq ws  an_ open- end  wrenc h, 
which  is  used  on  magnet  adjusting  screws,  adjusting 
caps,  and  Ibcknuts.  ^  _ 

h.  Fjgodre  2*i43^piaiiresan^q^ 
It  is  used  to  turn  screws  positioned  at  an  angle. 

2-14,C,  stow  a  T-hMdlc  socket 
wrench,  v^ich  is  used  to  turn  screws  holding  the 
clamping  brackets. 

A  ^yS^^  ^-  ]  4 ,p,  ihows  the  L-gage.  1 1  is  used  to 
measure  large  iiearanos. 

AiF^i^rf  ?:j?i^E>"Pictu^^  double  dog 

bender:  it  isrused  Jo  bend  the  double  dog. 

f.  Figure  2- 1 4,F,  shows  a  gram  giige.  lliis  tool  is 
used  to  mrajRifc  spring  tension.  __  ___  _ 

Figure  2*J4,G,  pictures  a  fish  scale.  This  tool 
in  j>lac«  of  the^^^gagc  when  springs 
require  'more  tension  than  the  gram  gage  can 
measure. 


Exercises  (20$): 

tooi(s)  should  be  used  for  each  adjustment,  for  the 
switch  problems  below. 

i.  The  release  magnet  operates,  bat  the  switch 
fails  to  release. 


2.  The  switch  does  not  return  completely  to  the 
left  during  release  on  all  vertical  levels. 


When  a  linefinder  iswitch  ste^  to  the  1 1  th 
rotary  step,  the  release  magnet  does  not 
operate,  h  is  not  an  electrical  problem. 


4.  A  linefinder  oftentimes  steps  more  vertical 
steps  than  it  should;  the  vertical  wiper  is 
adjusted  properly: 


5-  The  J^lcasejjj^^  after  the 

switch  i^^mpleteiy  released. 


210*  State  bow  selected  switch 
other  i4ffiitiiiejiits  or  switch  actioiis. 

:  iSwitch  muhte^  is  one  of  the  thih^  you 
spen|||nc»t  of  your  time  on.  It  is  not  r^ily  difficult 
and  one  of  the  thin^  that  mak^  it  even  easier  is 
ktiqwing  hbw  .  the  various  adjustments  work 
together,  t     ^    '        _  _ 

Swjidg  JijllijW^  of 
the  obviou  relationships  are  the  wipeis  and  the 
bank  cphUu:ts,  the  normal  pin  and  the  off-hormal 
lever.  If  the  wipers  are  mi  ^}^^_3P  ^e 
contacts  of  the  bank,  yonjiave  broken  wipers  and 
^|hk^  contact  i nfujatots.  If  t^  honiwl  pin  or  ofT- 
normal  lever  are  not  properly  adjusted  the  VONs 
cannot  do  their  thing  or  the  switch  may  not  return 
to  normal  wh^  released.  Let*s  look  at  some  of  the 
others.   

Vertical  dssdnhty.  Think  abbiit  all  the  p|rts 
invoiv»i  with  vertical  stepping.  Look  at  figura 
2-10,  2-11,  and  2-12.  When  the  vertical  magnets 
operate,  the  verti^i  annatui^  pujls  op,  raising  the 
pawl.  The  pawj  _ehgag^  the  vertical  ratchet  and 
rais«  the  shafts  The  dog's  jwrtical  detent 

slips  under  the  ratchet  to  keep  it  from  falling:  Hold 
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Figure  2-13:  Universat  (wo-moiion  switch. 


Oil  jusia  minute!  -What  if  the  magnets  do  not  raise 
the  shaft  high  cri&ugh  or  raise  it  too  high?  What 
hapiJimsJf  the  \«rti^l  pawl  guide  or  vertical  detent 
are  not  adjusted  properly?  There  is  morc,.  but'ypu 
get  the  picture.  Instead  of  a  working  switch, 

you  could  have  a  real  headache.      :  . 

Rpiary  aaerhbly.  Figures  2-1  and  2-4  show_part$ 
of  ll^^.rotaiy  stgjp  mechanism.  Jf  the  rotary 
ma^ea  pulL the  rotary  armature  too  far,  the  switch 
overstcps---if  it  isn't  pullwl  far  enough,  the  switch 
auindt  step  rotary:  If  the  rotary  armature  backstop 
or  rotary  p«wl  guide  are  not  adjiisttsd 
roUtfy  stepping  may  be  tod  or  even  nonexistent;  to 
sayjiothing  of  the  rotary  pawls  that  may  be  broken^ 

Rel^  as^My^^  the  release 
mechanism  components.  If  the  release  armature  pin 
is  out  of  ad[justmeht,  the  swi  tch  migh^  or 
it  might  cause  the  double  jjetent  spring  to  Jose  its 
tension  due  to  moving  too  far  from  tte  shaf|j[juring 
release.  If  tte  rel«uie  link  is  out  of^justment,  the 
double  detent  may  not  disengage  the  shaft  at 
normal.  If  the  annamrc  ^ckstop  screw  is  out  of 
adjustinent,  the  arnniture  might  not  be  pulled  to  the 
rel^ise  magnet  to  release  the  switch.  _   

We  have  not  cover^  «rch  item  on  tfie  switch,  but 
with  a  little  thought  and  your  knowledge  of  switch 
cbmpphehts  ahd^fun^c^onsjrdu  ca^^  understand  fully 
how  one  adjustment  affects  others. 

Exercises  (210^ 

Stete  what  switch  aaions  smd/or  ad[ustmcrits  a^^ 
affected  by  a  change  in  the  adjustments  listed 
below.  Use  figures  2-1  through  2-13  as  needed. 

1 .  Stationary  upper  detent  is  raised. 


2.  Pawl  guide  is  lowered. 


3.  Off-normai  iever  bent  down. 


4..  Release  armature  pin  screwed  out.  \^ 


5.  Vertical  magnets  lowered. 


6.  Rotary  magnets  moved  toward  the  back  of  the 
switch. 


2-2.  XY  Switches 

With  the  exception  of  the  mcctanical  w^ 
works,  the  XY  Universal  switch  does  the  same 
things  a  StrowgerCfwd-motiori  switch  'docs. 
However,  its  Jl^ysical "  makeup  and  mechamcai 
operatioi^Sc  <:ohsiderably  different  from  those  of 
the  Strow;ifcf  swii*.     _ 

In  an  XY  office  you  find  DECA_switches,  which 
equate  to  the  minor  switch  in  a  Strdwger  office; 
rotary  switches,  which  are  almost  identical  to  those 
in^Strowger  office;  and  XY  Universal  switches. 


38 


133 


.       .  . 

in  this  section  we  deal  only  with  Ahc  XY 
Uhivcrsal  switch.  The  truly  unique  ihin^  aSiput  this 
switch  is  that  it  may  be  used  as  a  linefinder,  selector, . 
or  connector.  It  is  not  a  part  of  any  particular 
circuit  until  plugged  into  that  circuit  by  me^^^ 
the  36-point  F  plug  attached  to  the  switch  cable. 

211.  From  i  picture  of  an  XV  switch,  Idejitif)^ 
selected  parts  and  state  the  function  of  each. 

XY  tlnivtrsal  Switch.  Figure  2-15,  pictures  a 
universal  stepping  switch.  The  switch  is  so  named 
becaiiM:  it  is  Usable  as  a  linetlnder,  selector,  or 
conniector  without  changing  any  components  or 
making  any  adjustiirieritt.  You  can  ^  J^c 
illustration  thai  the  contact  bank  assembly  is  not  a 
part  of  this  switch.  The  control  relays  are  also  in  a 
unit  separate  from  the  switch:  The  switch 
iilustration  shows  a  Shaft,  wipers,  magnets,  cogs, 
sprifigs,/c_tc. ,  which  j>roy i^dc  Ule^  stcppi hg  action^ 
The  identification  forOhcse  components  will  be 
found  in  figure  2-!6.  The  method  of  making  the 
cohhcction  differs  from  the  procedure  used  in  the 
Strowger  switch.  This  switch  us<»  two  motions  to 
cohhect  to  the  ctosen-  circ^^  of  a  group  of  100 
lines,  hut  these  motions  are  in  a  singit  horizontal 
plane.  The  switch'^is  firet  stepped  in  the  X  dirccii^^ 
'and  then  in  the  Y  direction.  The  designations  X  itnd 
Y  arc  chosen  from  the  rectangular  coordinate 
system  in  which  X  corresponds  to  ^t  and  JY  to 
north,  as  used  qn  maps,  Jicnce  the  name  'yCY'' 
switch.  The  first  motion  pT  the.  swiich  is  alway^^^ 
thc'x  (east)  direction  to  move  the  T,  R,  S,  and  HS 
wipers  and  the  X  arid  Y  carriages  along  the  tubular 
sh4fi  toward  the  dig[t  drum.  This  drum  is  the  device 
shown  to  the  far  right  in  figure  2-15.  The  marked  I 
arid  2  on  it  are  within  your  view.  After  the  nect^sar^ 
steps  in  the  X  dircctioa  are  completed,  the  Y 
carriage  steps  north  as  many  steps  as  necessary  to 
gl^oj  the  T»  R,  S,  and  HS  wipers  in  contact  with  the 
proper  switch  -bank  wires.  The  switch  can  move  a 
riiaxiiriiirii  of  1 1  steps  in  th^e  X  directibri  or  1 1  steps 
-in  .j^e  Y  direction:  The  lith  step  identifies 
ovcrtravcl.  The  number  of  steps  that  are  taken  is 
dctcrrhine^  by  the  Co njfo I  circuits.  *  ^ 

X  direction  stepping  takes  place  when  the  X 
riiagrict  operates.  The  X  armature  moves  toward  the 
magnet  core  and,  as  a  r«ult,  presses  the  X  driving 
f»wl  against  a  tooth  of  the  X  gear  ratchet, 
^ohsw^uenily,  the  gear  cluster  rotates.  Teeth  of  the 
rotating  gear  sprocket^ngage  a  cog  roller  ratchet, 
thereby  activating  it:  The  comjxariion  roller  moves 
the  X  carriage  along  the  shaft  Each  operation  of 
the  X  magrict  riibvw  the  X  carriage  one  step  to  the 
right  on  the  switch  shaft  A  retaining  pawl  prevents 
the  carriage  from  returning  to  the  normal  shaft 
pbsiticMi  at  the  end  of  the  swp.  The  r^eas^  X 
magnet  permits  the  driving  pawi  to  return  to  a 
position  that  is  in  line  with  the  succeeding  tooth  of 
the  X  gear  ratchet.  After  the  X  stepping  is 


terminated,  the  control  circuits  prepare  tor  the  Y 
direction  stepping.  : 
Operating  the  Y  magnet  continues  the  stepping 
jjrogression.  The  movement  (if  the  Y  arniaiure 
toward  the  Y  magnet  core  results  in  the  Y  driving 
pawl  engaging  a  tooth  of  the  cog  roller.  The  turning 
cog  rollci"  moves  pinion  Ees^'s  wA*ch.  in  turri^  carry 
the  Y  carriage  and  wipers'  toward  the  north  (at  a 
right  angle  to  the  shaft  j.  deduction  of  current  in  the 
Yjriagnct  causes  U  to  release.  Accordingly,  the  \ 
armature  restores  anddiscngagcs  the  Y  driving  pawl 
from  the  cog  roller.  The  Y  driving-^wl^ is  prepared 
for  the  next  step  when  It  is  in  place  beside  a  tooth  of  * 
the  cog  roller.  A  retaining  pawl  prevents  return  of 
the  Y  carriage  to  the  home  position.  An  additional 
Y  direction  step  is  made  during  each  operation  of 
the  Y  magrict. 

There  is  an  additional  importarit  movement  on 
this  universal  switch.  A  third  wiper  .assembly  is 
moved  while  the  switch  components  are.  being 
'^stepped.  T[^c  ^Si^ack 
move  in  the  Y  direction  only,  but  make  this  motion 
in  unison  with  the  X  carriage  as  it  steps  iri  the  X 
direction.  The  X  gear  cluster  has  a  separate  g^f  r- 
whicfr  drives  the  X  rack  ia  the  Y  direction  at  the 
same  time  anbiher  ^car  pf  JhcOf^caf  cluster  drives 
the  cog  roller  and  the  attach^  assemblies  in  the  X 
direction.  The  X-XX  wipers  accomplish  spedaj 
circuit  switching  for  linefinder  control  and 
rwtricted  or  code  call  service. 

The  switch  rctuirw  "home"  after  the  release 
ri}4gricippcrai«.  The  bp^niicd  release  magnet  pulls  ^ 
the  release  armature.  The  operated  release  armature 
presses  the  retairii rig  pawls  put  of  erigagcmcnt^^ 

,  the  roller  and  ratchet;  thus  they  allow  the  Y  and  X 
carriages  to  restore. 

This  universal  stepping  switch,  which  is^ pictured 
in  figure  2-15,  has  a  steel  baseplate.  The  plate  is 
placed  so  that  it  is  hprizpntal  to  the  ex^^ 
and,  similarly,  the  components  which  enable  the 
switch  to  be  functional  lie  horizontal  to  the  steel 
plate.  The  terminology  for  these  components 
conforms  to  the  tenninology  used  to  identi5^  units 

.  iri  the  prevjous  stepping  switches.  Included  in  the 
switch,^  then,  is  the  stepping  mechanism. 

Stepping  mechanism.  The  stepping  mechanism 
consists  of  magnets,  gears,  pawls,  ratchets,  springs, 
etc.  Figure  2-16  is  a  top  view  of  the  switch.  By 
looking  at  It,  you  can  see  the  many  components 
which  comprise  the  switch  and  visualize  the 
coriiponent  arrangement  which  allows  mechanical 
nTtwemeht. 

The^nt  assembly,  coj  roller,  pinion  assembly, 
and  digit  drum  axe  supported  by  a  tubular  shaft 
which  exierids  frorii  west  to  casj^^acrp^ 
mechanism  baseplate.  The  cam  assembly  operates 
the  Y  off-normal  and  the  XY  overflow  springs, 
You  can  see  these  cams  fastened  at  the  west  end  of 
the  shaft. 
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Fifore  2-18.  DiptdrBin  iff  nortiiirpoiiuoti: 


The  cog  roller  moves  toward  the  dipt  dnun  (iii 
the  X  dir^dh]^  iaj^BspPfue  to  i^>tninS_X 
clmter.  Fifore  2*17  revab  a  more  simplifted  view 
of  the  X  and  a>g  rplier  relationship.  At  tlie 
nmctime  UK  tlK^cog  roU  mov^  toward^the  east, 
the  X  rack  moves  In  the  Y  direction  (north)  as  a 
rttult  of  ttee  X  r»ck  gar  mowincnt^  Fip"^:  2-  ^6 
identifis  the  X  rack  g^r,  and  figare  2-17  shows 
the  X  carnage  assembly  stejf^sed  to  the  fourth 
g»itidn.^nH?  X-XX  _>^pc«_  extend  from  the  X 
rack;  CDOsequently*  they  are  positioned  against 
wire*  of  the  X-XX  wire  bank  by  X  rack  gtar. 
The  X  rack  movw  one  step  in  the  Y  direction  for 
cBch  stq>  that  the  cog  roller  moves  in  the  X 


direction.  The  X  rack  is  stepped  bhly  when  the 
switch  mechanism  moves  in  the  X  direction:  the 
cog  roller  rotates  in  the  Y  direction  under  cdhtrbl 
of  the  Y  maffiet  assembly.  The  rotating^  cog  roller 
positions  \the  T-R  and  S-HS  wipers  in  their 
respective  Wire  banks. 

The  pinion  as^mbly  is  supported  by  the  X 
carriage  assembly  and  is  mounted  oh  the  tubular 
shaft  Tl*  toeth  of  jhe  pini^ 
the  Y  carriage  .assembly  to  move  the  t-R  and  S-H$ 
wipers  toward  the  wire  bank.  The  j)inibh  ^senibly 
rotatis  following  the  operation  of  the  Y  mi^ec 
The  pinion  %em  return  to  hbnhal  and  likewise 
return  the  Y  cartia^  ]P  l^  ^bnicjositibh  following 
the  operation  of  the  release  magnet 

The  numbers:  on  the  digit  drum  indicate  the 
pbsitibh  of  the  pinibh  asa«rnbly  and  thus  show  the  Y 
position  of  the  f-R  and ^HS  wipers  in  the  wire 
bank.  Figure  2-17  shows  the  top  view  bf  these 
numbers.  The  digit  dniih  isiockedtb  tbe  shaft  by  a 
setscrew:  On  the  older  model  swijcho,  the  ' 
setscrew  is  visibli^ust  above  the  guide  nile  when  the 
?^itdi  is  injtt  unpjpiOT  (see  fig.  2-18). 

On  later  models  of  the  XY  switch,  the  setscrew  is 
located  behind  the  guide  rule  w)Mii.the  swiy^^  not 
opemted:  When  the  numbers  on  the  digit  drum  are 
in  the  positibh  shown  in  figure  2-18,  it  indicates 
that  the  Y  carHage^is  in  the  home  position^ 
Operating  the  Y  magnet  twice  would  rotate  the 
dhm  unUl  the  2  is^  . 
and  the  1  is  behind  the  guide  rule;  therefore,  the  1 
wbuid  hot  be  visible.  The  drimi  in  figure  2-n 
indicatei  vmi  Y.  direction  steps  although,  looking ' 
from  this  top  view,  it  may  app«ir  that  twb  steps  have 
been  taken.  When  1 1  steps  have  been  taken  in  the  Y 
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Figure  2-19.  XY  switch  in  poiilion  24, 
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Figure  2-21.  XY  switch  mechah ism. 


^^iP^^^i^  rip  nynibcr  is  visible  on  the  dijii  drum 
just  above  the  guide  rale:  * 

The  guide  rale  has  numbers  stamped  on  its  face 
^9  ii^^icate  the  number  of  s^^  by  the  switch 

in  the  X  direction  (fig.  2-19).  This  figure  shows  the 
X  stepping  mechanism  as  having  steppod  twice,  and 
^^^'^SP^^BiJ^^^^^^^  3s  haying  stepped  four 
times.  The  switch  position^  in  this  case,  is  referred 
?9  2is_pqsitioh  24.  The  guide  rale  numbers,  as  well 
as  the  digit  dram  numbers,  are  seen  if  the  switch 
cover  is  removed  for  inspection. 

^  assembly  m^  in  the  X 

direction  to  postdon  the  Y  carnage,  which  Is 
mounted  on  this  X  carriage,  at  the  proper  point  for 
it  to  insert  the  T-R jmd  S-HS  wipers  into  the  wire 
bank.  The  operated.  X  magnet  ciuses  the  X 
^™*J^^  1°  J^P^c  thc^  driving j»wl.  The  opera 
X  driving  pawl  engages  a  tooth  of  the  X  gear 
ra^cJ^^  thus  niovirig  the  cog  roller  and  the  X 
carriage  along  the  shaft  in  the  X  directidh.  Ah  X 
return  spring,  not  shown  in  figure  2-17,  is 
^?"^i9^^_^^D?S  this  action  that  the  compkihehts 
can  be  returned  to  the;  hope  position  following 
r^L^^^  pf  the  switch.  A  retaining  pawl  fits  against 
the  tooth  of  the  X  gear  ratchet  to  prevent  its  fctum 
to  normal  at  the  eiid  of  each  step.  Release  of  the  X 
magict  at  the  end  of  a^uiVeni  piy«^ca^^^  the  X 
driving  pawl  to  be  withdrawn  from  the  ratchet  and 
l9_li^^  up  in  relation  lb  the  next  tooth  of  the  X  gear 
ratchet.  This  same  s«juence  of  actions  is  reputed 
for  each  step  taken  in  the  X  direction.  Completion 
of  the  X  di  riS^n  steppi  ng  a  Hows  the  con  ird  I 
equipment  to  prepare  circuits  for  stepping  the  Y 
^  ircctiori  mccteri  ism,  ^_ 

The  Y  carriage  assembly  mpves  the  attached 
^Ipcrs  in  the  Y  dircctibn  idward  the  wire  bank.  The 
operated  Y  magnet  attracts  the  Y  armature.  Figure 
2-20  idcntifi«  this  Y  armature  and  the  remainder 
of  the  Y  direction  sapping  mbchaiiism.  The 
operated  Y  armature  actuate  the  ?  driving  pawl, 
which  rotates  the  cog  roller.  The  turning  cog  roller 
moves  the  pinion  gears  which,  in  turn,  carry  the  Y 
carriage  to  the  north.  The  retaining  pawl  presses 
against  a  tooth  of  die  cog  roller  to  prevent  the 
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return  of  the  assembly  until  after  the  switch  release: 
The  rclcas«d  Y  magnet  allows  the  Y  driving  pawl  to 
withdraw  from  the  cog  roller  and  to  position  b<»[dc 
^the  next  tooth  of  the  cog  roHcr.  Each  additional 
9J**?tiOT  of^the  Y  ma^ct  provides  the  sjime 
sequence  of  motions  to  step  the  Y  carriage.  After 
the  required  Y  direction  steps  are  taken,  the  control 
equipment  opens  the  operating  circuit  of  the  Y 
magnet    _  _  _ 

figure  2- 16_ identifies  the  stop  bar.  Figure  2-21 
ittustrata  this  device  and  its  associated  components 
more  clearly.  Figure  2-21  shows  a  side  vi^  oflhe 
components^  whereas  fifurc  2.21  is  a  top  view.  The 
Y  stop  bar  is  preyed  against  a  tooth  of  the  Y  stop 
ratchet  by  tiw  op^  Y  armature.  This  stop  bar 
limits  the  cog  roller  to  one  step  with«each  operatidn 
df  the  Y  magnet.  Releasing  the  Y  armature  also 
restorei  the  Y  stop  bar.  To  understand  the  need  for 
.  this  stop  bar  action,  one  must  realize  that  the 
M^ycrwl  witch  can  ma^  as  40  steps  per 

second:  The  momentum  of  the  rotating  parts  must 
be  kept  under  control  to  obtain  accurate  stepping. 

The  relsse  jnagiet  has  extended  arms  that 
disehj^ge  the  retaining  pawls  from  the  X  gear 
[^tchct  and  the  cog  roller.  The  cdhtrol  equipment 
completes  the  operating  circuit  of  the  release 
magnet,  which  operates  the  release  armature.  Figure 
2-22  Identifies  the  relea^  comjwncnts  df^  the 
universal  switch  and  pictures  the  release  ofithe  X 
*!*^tajnmg  jjawl  from  the  X  gear  ratchet  Jhe  Y 
carriage  in  this  figure  appears  to  be  at  norflMil,  and 
the  cdg  rdller  and  X  carriage  assembly  are  within 

approximately  one  step  of  the  home  pdsitjdh.  

Relied  components.  The  wipers  are  a  necessary 
paftdf^c  swuch  bui^c^^  be  considered  a  partdf 
the  stepping  mechanism:  These  wipers  are 
cdhstrucied  of  nickel  silver  and  arc  formed  into 
twin  contacts.  They  are  under  sufncient  pressure  td 
insure  positive  contact  with  the  smooth,^  round, 
verticail  wires  of  the  wire  bank^  Figure  2-19  reveals 
the  arrangement  of  these  wipers  and  the  peg  that 
separates  them.  Each  wiper  is  cohhcctcd  to  a  switch 
jack  or  plug  by  a  conductor:  Figure  2-16  pictures 
the  cables,  which  include  the  conductors  leading 
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Figure  2-23.  XY  switch  bank,  viewed  from  above. 


from  thi^  JKl{^n^  identifies  a  switch  jack 
which  terminates  them. 

Four  spring  ^saevn^lM  for  the 

stepping  and  relrase  of  the  switch.  The  X  off- 
nbnnal  springs  operate  when  the  X  carriage  takes 
the  first  stiep^  and  ihcY  off- normal  springs  operate^ 
foiiowing  the  first  step  of  the  Y  carriage.  The  XY 
pverftow  springs  ppmte  whomever  the  s^^^  tak^ 
tiic  1 1  th  sop  in  either  the  X  or  Y  direction;  The 
reicue  springs  operate  at  cbmpietion  of  the  call  tp 
prevent  switch  seizure  until  it  has  returned  to 
normal.  i 

Addiooiia!  spring  ^a^  the 
okII  to  progr«  are  the  X  m^et. interrupter  and 
the  Y  magnet  intcrriiptcr  springs.  Thc  X-Mriierrupicr 
spring  o{>ni^^ich  time  the  X  armature  operate; 
they  are  necessary  if  a  SMdtch'is  to. be  functionai  in 
scarcluhg,  siich  p_in_ljnrfindm|;^T^ 
springs  open  during  the  Y  armature  movement  and 
allow  a  switch  to  function  aiitbmatically,  such  as  in 
the  Y  dipi^tion  stepping  by  the  selector: 

The  wire  banks  arc  not  a  part  of  the  universal 
switch,  but  if  we  are  to  understand  the  circuit 
connecting  procedure  and  trace  the  circuits,  it  is 
necessary  tM^  we  understand  jheir  des[gn  and 
placement  Figure  2-23  illustrate  the  wires  within 
the  bank,  as  they  would  appear  from  the  tojj.  You 
oin  s^  1 1  dots  to  a  row  and  42  rows,  which  ts  a 
total  cf'462  possible  cbnn^|yi^  points.  Each  dot 
^jeptesents  a  wire  contact  which  terminatej  a 
inductor,  "the  wire  contacts  of  the  first  row  in  the 
T  ahd  R  bank  terrhihate  tip  cbridiictbrs,  and  the 
wire  contacQ  of  the  second  row  terminate  ring 
conductors.  Together,  these  first  two  rows  make  a 
level.  Rows  3  ancl  4  in  the  T  and  R  tank  make  the 
second  level;  rows  5  and_  6  in  the  T  and  R  bank 
make  the  third  level,  etc  Tfe  Mme  pattern 
the  S  and  HS  bank,  since  level  1  includes  the  first 
two  rows  of  wire  conductors,  level  2  includes  the 
second  two  rows  of  wire  conductors,  etc.  The  only 
difference  in  the  banks  is  the  row  designation— T 


and  R  for  the  w«t  bank  and  S  and  HS  for  the  east 
bmk.  Th^  levels  identify  the  X  direction  steps; 
for  instanoe,  the  first  operatioh  of  the  X  magnet 
moves  the  cog^oUeiL  one  step  to  the  east. 
Accprdi  ngly,  the  T  and  R  _wi^rs  and  the^S  arid  HS 
wipers  move  to  the  inline  position  with  level  1  wire 
contacts.  (Fig.  2-23  idehtifia  three  pairs  of  wipers 
in  the  home  position,  but  for  now  we  are  discussing 
just  theiwo— T  and  R,  and  S  and  HS — pairs.)  If  a 
second  X  direaion  step  isia^  release 
magnet  operates,^  the  X  carriage  moves  the  T  and  R 
arid  the  S  and  HS  wipert  in  line  with  level  2  wire 
o^ntacts.  The  numben  that  appear  to  the  right  of 
^h  bank  indicate  the  Y  dir^ion  steps;  for 
exaunpte,  having  thtX  carriage  one  step  to 

^e  eastand  the  Y  carriage  one  step  to  the  north,  the 
T  and  R  wipers  would  nsst  against  the  first  wire 
contacts,  in  level  1  of  the  T  and  R  bank,  and  the  S 
and  HS  wipers  would  touch  the  first  wire  contacts 

in  level  1  of  the  S  and  HS  bank^  

NOTE;  Vertical  dashes  are  dnym  tp  rcprc^^^^^ 
lions  in  figure  2-23.  The  X-XX  wipers  are  likewise  touching 
(he  first  wire  cohtacs  in  the  X-XX  bank  after  (he  first  X 
rtiaghet  bperattbh:  Tad  X  difectioh  steps  allow  (he  X.-XX 
wipers  to  pra»  against  the  wire  odhtaos  marked  with  ah 
asutrisk  <*)  in  X-XX  wire ^bahk.  Then,  operating jhe  Y 
magnet  1 0  timet  (^uses  the  T  and  R  and  the  S  and  HS  wipers 
to^^  to  the  b  level  0  wire  contacts  (also  marked  with  an 
asterisk). 

The  designation  ''overflow'*  indicates  the  wire 
contact  which  is  connected  to  a  potential  so  that  a 
signal  will  notify  the  switchroom  personnel  when 
t he  swi tch  has_ b vcrstcpi^ .  T his  co rid i tion  rcsu  1  ts 
when  the  stepping  mechanism  takes  more  than  10 
steps.  The  horizontal  dashcsif-  -)  iri  the  X-XX,  the 
T  and  R,  and  S  and  HS  banks  indicate  that  the  X 
carriage  was  moved  5  steps  and  the  Y  t:arriage  was 
rribved  1 1  steps. 

Exercises  (21  Ih 

Identify  specified  switch  parts  in  figure  2-24  and 
state  their  function. 
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XY  Switch  Test  Set.  The  proper  use  and 
interpretation  of  your  XY  switch  portable  test  set 
will  be  a  great  asset  in  the  routining  and  adjusting 
the  XY  switches  in  your  office.  Listed  below  and  in 
their  proper  sequence  are  t«t,  checks,  indijcatio 
of  failures,  and  adjustments  to  be  made:  See  figure 
2-25.  , 

Preiiminary  insJrucUons.  The  preliminary 

instructions  are  outlined  below:   

_  _  nj_  B^^orc  J^nnectin^^  to  DC 

power,  ail  keys  on  the  test  unit  must^be  in  their 
upfisbt  position  and  with  toggle  ON-OFF  switch  in 
the  OFF  pqsitidn. 

(2  j  DC  power  must  be  properly  connected  to  the 
testuriit__    _   

(3) -The  XY  switch  to  be  tested  must  be  in  the 
HOME-NORMAL  position  before  you  insert  it 
into  the^ll  bank.  The  switch  most  be  fintily  seated 
in  the  celVlwik  and  the  ''F*  Jack  must  be  locked 
with  cbrres^hdirig  male  plug  terminals.  - 

With  all  of  the  above  done,  you  arc  ready  to  start 
Spring  T^teap  tamp  check  0g:  2-25).  The  t«t  set  is 
arranged  so  that  the  four  spring  combinadghs  can 
^Jl^uickly  decked  foripring  <xihtact  and  electrical 
continuity.  Iti  the  tests  and  procedures  outlined 
below,  the  following  lamps  light  for  propier 
operation: 

OJ  ON-OFF  switch  to  ON,  All  keys  at  normal 
(Upright  pc«itidn)^FdUf  white  lam^  lighted. 

(2)  Move  switch  manually  one  step  in  the  X 
direction:   

a.  White  X-ON  lamp  out — Red  X-ON  lamp  on. 

b.  White  Release  lamp  out— Red  Release  lamp 


211./Glven  statements  describing  switch 
iM^iBtnient  problems,  state  what  acyustiiieht(s) 
need  to  be  made  and  wist  tool(s)  shoald  be  used 
for  each  adjustment. 

Switch  adjustment  in  the  XY  system,  while  just 
as  important  as  in  a  Strdwger  office,  is  considerably 
different* In  this  section  we  look  at  some  of  the 
majar  areas  of  adjustment,  adjustment 
specifications,  ahd^  t^  Th^  coverage  js  not 

intended  to  deal  with  all  the  adjustments,  as  that 
ihfprmatidh  is  contained  in  the  technical  brder. 

Switch^  that  need  adjustment  are  found  through 
routine  t«ting  (PMIs)  or  testing  accomplishwi 
during  _trbul>l«hdqtirig.  After  yoti  have  found  an 
out- of- adjustment  switch,  there  are  some  basic  tools 
and  test  cquipihcht  that  you  require. 

Swi^  A(t|iiMtment  tools  and  Test  Equipment. 
The  pi^Ufpf  test^txipment  required  for  XY  switch 
adjustment  is  the  XY  switch  test  set,  figure  2-25. 
The  tools  required  arc  a  common  screwdriver, 
spudger,  wr^ncHes  and/or  nut  drivers,  and  possibly 


(3)  Move  switch  manually  one  step  in  the  Y 
directions    __  '   

a.  Whitc'Y-ON  Iarnp  out--^ed  Y-ON^ 

b:  White  Release  iamp  out — Red  Release  lamp 

on. 

NOTE:  With  the  switch  being  moved  manoally  into  the  X  or 
Y  ctirecdoh.  operacioh  of  die  Release  Magnef  (eiectrii^lly) 
at  this  time  is  ah  indication^  that  ^  Release  path  ciraiit  frofh 
dohcacts  3  and  4  of  the  OFF  Nbrrhal  cdh tacts  to  the  Z 
magi^et  is  complete. 

(4)  Moving  the  switch  manually  into  either  the 
X  or_Y  overflow  banks  will  extinguish  the  white 
overflow  lamps  iand  light  the  associated  red  lamp. 

"the  test  unit  provides  a  source  of  pu Iscs  to  check 
the  Percent  Make  (high  and  low)  capabilities  of  the 
XY  switch.  The  first  key  on  the  left  acts  as  a  start 
key,_the  second  key^sclects  the  cycle,  either  X-dnly„ 
Y-only,  orX-  I  O  and  Y-I  O:  _ 
_  _:^^_Wiih^he  cycle  key  at  normal  (X  plus  Y), 
—operate  -the  Percent  Make  Start  Key  to  high 
^jpsitiqn.  The  switch  should  step  positively  to  X-IO 


feeler  ^agi^s;  most  measurements  can  be  gaged  by^^  plus  Y-IO  without  stuttering,  locking,  or  skipping, 
eye,  however.  and  release.  Recycle  at  least  three  times. 
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Figure  2-25.  XY  twiich  t«t  wet. 


(2)  Rj^cat  as  above,  except  with  the  Percent 
Make  Start  Key  Kt  on  the  LOW  position, 

Amonunic  s^ping  Tfe  test  unit  provides 
circuits  for  operating  the  XY  switch  puise  j^ist  in 
the  X  j>his  Y  dircctiohs  with  automatic  reloise  and 
.recycle,  tlic  fourtii*iccy  seises  the  cycle  rY'' 
forwand,  "X"  bacJpiVard,  or  and  "Y"  ^nter); 
TTie  third  key  ac»  as  a  start^k^^ 
forward  to  sunt  the  c^ie.  the  first  teit  to  be  made 
is  to^rKsycIc  from  the  X  plus  Y  position  at  least^en 
times;  later,  run  "X"  and  then  "Y"  separately.  The 
switch  should  step  out  to  X-10  plus  Y- 10  without 
stuttering^  buzzing,  or  lockinj,  InjUal  start  of  this 
action  and  continuous  performance  is  controlled  by 
normally  cIom^  inwrupter  X  contacts  and  their 
associated  interrupter  leads; 

NOTE:  Operiiioa  of  the  iignvl  Ismpi  toting  the 
overflow  oont&cii  thill  be  observed  during  the  automatic 
Btcpping  tat  while  riihhing  X  or  Y  only 

f^st.  The  test  unit  will  check  ihe  automatic 
stepping  speed  of  the  X-Y  switch.  However,  the 


ipe^  toit  bt  made  only  with  the  switch  moving 
in  one  direction  (either  X  or  Y).  Tte  foujth_kcy 
t^e  and  the  third  k^  fervn  as  file  start 
key  when  pr»^  b^ward  and  held  in  that 
position  (NONLOGK  KEY),  llje  switch  will  move 
^      ???*in5^:P9^^  there  until  the 

key  is  restored  to  nomud:  Speed  indi^tioii  is  given 
through  the  jilting  of  green  lamps. 
The  speed  lamp  requirem(emts^e  these: 
a.  X-Pirecdbh — 25  to  45  steps  per  second. 
h,  Y-Difectidn-^32  to  45  stqx  per  second. 

If  neither  gr««n  lamp  lights^  the  speed  is  in  exces 
of  45  steps  per  second^  If  the  32-45  laitip  lights,  the 
speed  is  32  to  45  steps  per  lecond  If  the  32jo  45 
lamp flashcsand  the 25-32  lamp  lights,  the ipeed  is 
25  to  32  steps  per  second,  if  both  latnps  flash  and 
go  out,  the  spe^  is  below  25  steps  per  second: 

NOTE:  If  the  tat  unit _ii  unable  to  give  i  proper  speed 
check  (no  lampt  lighting)  for^y  one  givai  direction,  ' 
check  the  conuct  preiturei  cOTpringt  6  and  7  of  the 
associated  off-nortiiat  pileup. 
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X  ^AHMATCIPIE  lACKSTOP 


X-ORIVING  PAWL 
INDEX  HOtE 

X  RATCHET  GEAH 

X  -^ST  NUT 
X  SPROCKET  GEAR 


Y-5TOP  CAM 
INTEMIurrER  X-i^TOR  MAGNET 


PAWL  EJECTOR  BflACkEt 
MTAINING  PAWL  POST 
X  DETAINING  PAWL 
X  ..MOTOR  MAGNET  MOUNTING  SCRfi^ 


KEY  :  _         1  1 

1.  4i  IS  wiriON  OF  APttiATURi  UA  USEO  9^  J^mtC>4^$jCJ^ 

2'        IS  PORTION  OF  ARMATURE  USEO  ON  XV  SWITCH  S-C  PART  •  NO.  2O4S0O-6S7 

^    Figure  2-26.  X-stepping  meduhiiDn.  top  view: 


H^pCT*  test.  The  cifcuiQ  of  the  tKt  unit  ^re 
ananged  to  give  an  all* through  j^lectrical  test  for 
continuity  and  shom^^ 

(1 )  Wiper  continai^chT^L 

a.  If  either  XX  or  X  ^viper  fa|U  to  make  prope^ 
physical  conuict  with  io^, associated  wire  l^k  or 
faiis  to  complete  an  elecMcai  circuit  through  the 
i*l^>^tirf  vnjx  and  Jvjre  pank,  the  w 
move  onto  Se  X-overflow  poJ^tion  and  will  not 
restore,  _  :  : 

^  If  any  one  of  the  tip,  ring,  siecvc,  and  HS 
wipen  fail  to  make  physical  contact  with  their 
ass^iaucd  wire  banks^  or  fail  to  complete  an 
electrical  circuit  through  the  wipers  and  their 
respective  banks,  the  syntch  will  move  on^^ 
overflow  position  and  will  fail  to  restore  and 
recycle. 

(2)  _  Shortod  wipers: 

a.  XX  and  X  wiper  shorted,  the  switch  will  not 
step  in  X  direction. 

b.  T  ahd  R  short<^,  the  switch  will  step  to  X- 10 
and  Y-5  and  recycle. 

_  c._S  and  HS  shorted,  the  switch  will  step  to 
X-10,  Y-1,  ahd  recycle. 

Review  of  Opcritidii.  In  order  to  make 
adjustments  yoa  must  be  able  to  interpret 
adjustment  specifications,  know  how  the  switch 
works  mechanicaiiy,  and  have  the  mechanicai  ^ 
ability.  ' 


We  discuss  a  few  specifications  but  spend/most 
of  our  time  oh  reviewing  how  the  switch  ^[2^^ 
mechanii^lly; 

^ppin^  in  the  X  Erection,  Figure  2-26  ^hows  a 
top  view  of  the  X  stepping  mechanism.  When  the  X 
stepping  magnet  ^p^tes^:  the  X  driving  jxlwl 
eng^es  the  X  ratchec  g^.  As  the  armature 
continues  its  travel,  the  X  sprocket  g^r  is  rotated 
so  as  to  move  the  cog  roller  one  step  in  the  X 
direction. 


X -ARMATURE 


X -DRIVE  PAWL 


DIRECTION  OF  WIPER 
CARRIAGE  MOVEMENT 


X -SPROCKET  GEAR 


RATCHET  GEAR 

INDEX  HOLE 

X -RETAINING  PAWL  HF^oes 
Figure  2-27.  X-drive  mechanism  with  X-magnet  full  operated. 
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HrfAiNiNG  P*Wt  PIVOT 
Y-^MAATURE  BACKSTOP 


Y^RMATURE 


AOJUSTING  SCRIW  - 
LOCK  NUT 


Y-MIVE  PAWL 

Y^ETAINING  PAWL 


COG  ROLLER 


STOP  PAWL 


INTEilROPTCR 


Kir: 


BACKSTOP  MOUNTING  SCRfWS 


1.  O  IS  PORTION  Of  ARMATURE  USEO  ON  XY  SWITCH  9-C  PART  NO.  20479S-37S 
V^^^^  0  )S  POUTl^N  Of  ARMAtoUE  USIO  ON  XY  flMTlTCH  $-C  PART  NO.  204800-687 


Figure  2-28.  Y-stepping  mediuiiirn>  tide  view. 


TTic  X  reaining  ^wl  then  enga^»  ^hc  next  toot] 
of  the  X  ratchet  gear  to  prevent  the  X  sprocket  gear 
frbiti  itmraing^to^its  te>ine^^ 
on  the  X  sprodcet  gear  is  supplied     a  coil  spring 
(not  shown)  mounted  below  the  gcar.\^^^ 

A  gc^  mountoi  below  the  X  sprocket  gear  is 
continuously  CTg^^  ^^W^^^ 
2*  1 7,  so  that  the  rack  is  moved  whenever  the  X  gear 
cluster  is  rotated.  Thus,  the  XX-X  rack  is  advanced 
one  step  iii  the  Y  dir^on. 

H  ^uld  be  reo^      that  the  moment^ 
the  switchr  if  not  arrested,  would  cany  each  step 
beyond  its  limits.  This  is  more  easily  realized  when 
you  doiislder  that  the  stepping  speed  is  often  as  high 
as  40  steps  per  second,  in  order  to  stop  the  X 


motion  of  each  step,  the  end  of  the  X  armature 
engages  a  tcx)th  of  the  s^rodtet  at  the  bottom  point 
of  the  armature  travel;  See  figure  2-27. 

The  X  interrupter  springs  are  mbuhted  on  the 
r<^  of  the  X  i^^Ppity  iti^l^iifn,  figure  2-17: 
Each  time  the>C  inagnet  operates,  the  X  armature  Is 
fHilled  tbwai^  M^^_^>tij«f  $6 

that  it  relieves  the:  prosure  on  the  upper  X 
ihternipter  springs,  figure  2-26. 

"^eppthg  tn  the  Y^Ureaion,  Figure  2-28  shows  a 
^de  view  of  the  Y  stepping  mechani«n.  By  means  of 
tc^oh  tti|:^H^  SE^ngi  the  dH^ 

pawl  8l^(^  rides  against  the  cam  mounted  below 
the  Y  armature.  Rgurc  2-29,  view  A,  show$  the 
^itidn  of  the  drive  mechanism  when  the  Y  magnet 
is  fully  restored. 


Y-MtVE  PAWL 


CAM 


RETAINING  PAWL 


PAWL  STOP 


Y-ORIVE  PAWL 


CAM 


I  NO  PAWL 


Figure  2 '29.  Y- drive  mejchanifm 


HI 


FLANGE 
FLANGE  <:UT-OUT 


Y-PINION 


FLANGE 


FLANGE  CUT-OUT 
Y-FINION 


GUIDE  RULE 
VIEW  A 


GUIDE  ROLE 
VIEW  B 


Figure  2-30;  X-direption  locking  riiectianism. 


_  _WJfen_  t^^^     magnet  bpcratw,  the  drive  ^wi 
roda  forrard  to  enpgeihe  cog 
roller.  As  the  Y  armature  continues  in  its  travei,  the 
roller  is  ro^tiKl  M>  the  Y  carriage 

(fig.  2-20)  one  vxp  in  the  Y  direcdon.  Y  annature 
pyeitravel  is  prevented  by  the  pawl  stop-  the 
pcwdpn^of  the  dn«t^  meciunism^  the  Y  magiiet 
fiilly  operated,  ia^hown  in  figure  2-2 1,B,  with  cog 
??y^J^?y?o8-_TS^  Y  rctw  engages  the 

next  ratchet  tooth  on  the  cog  rq[ler  to  prevent  the 
roller  froth  returning  to  its  home  position.  Back 
prssure  on  the  a>g  rojler  U  supplied  by  a  coil 
spring  located  within  the  cog  roller: 
1  jn^thod  of  am^  Y  motion  of  each' 
step  is  shown  in  figure  2-21, B:  As  long  ^  the  Y 
rnagm^  reihaiitt  operate^  the  Y  drive  pawl  is 
a^nst  die  ^wl  stop  and  oi^^  the  gear  of 

the  cog  roller,  the  lower  angle  of  the  Y  drive  pawl 
^ch  ite  tfe  cb^^         locks  and  is  hot  frec  itb 
rotate  ttny  further.  When  the  Y  magnet  rf»u>rcs,  the 
Y  drive  mechanism  returns  to  the  pNositicfn  shown  in 


/figure  2-21^. 
^  TheY 


T^tei 

% 


temipter  springs  (figs.  l-iS  and  2-20) 

X -OVERFLOW  AND  Vj-OVfRFtOW  SITING  PILE-Up 


are  mounted  on  the  i«r  of  the  Y_  steppihg 
mechanism.  Each  time  the  Ylrnagnet  operates,  the  Y 
^''^'^^^J^  p<iill<xl  ddwri.  This  raij^  the  bumper 
and  relieves  the  pressure  on  the  upper  Y  interruptKi 
*prihg.Airowing  the  spri  to  o{^h._ 

_  and  Y  mma%t  jxs«n\h\\&.  ^^S^m  2-17  and 
2-20  show  the  tip  view  of  the  X  and  Y  carriage 
^^^l^^  T!^^  Y  ^rriage  ^ssembl£  ojnsists  of  the. 
Y  carriage  and- Y  pinion.  O^ears  on.  the  Y  pinion 
l^^  oh  the  Y  carria|e  iii  such  a  minner  that 
it  must  move  in  the  X  direction  with  the  X  carriage 
trut  is  free  to  move  ihdependentjp  in  the  Y 
^direcdon.  The  X  carriage  is  cojihecKd  to  the  cog 
roller  assembly  so  that  cog  roller  translation  faults 
Ln_*h  j^^y^L^ou^ht  o^^^  translation.  The  Y 

pinion  is  also  mect^traUy  coupled  to  the  cog 
roller  assembly  so  th^  roller  rot||tibh  results  in  an 
o^uai  ^ount  of^Y 

A  flange,  in  the  Y  piti!feft^^^nstfu<^^ 
ftirthcr  X  stepping  is  impbssio^oSt^ihe  X  carriage 
is  advanced  in  the  Y  directidR.  WiU^E  Y  pinion 
normal,  a  cutout  in  the  flange  allows  %eA  carriage 
to  move  freely  alpng  the  guide  rule,  iflg^jc  2.30,A. 


X-OFF-NORMAL  SPUING  PILE-OP 


'V-OFF-NORMAL  SPRING  PILE-^JP 


TOGGLE  LEVER 

Figure  2-3  1    Spring  pilc-ups; 


X-SimOCKET  GEAR 


SWITCHING  LEViR  hf-oh» 
Figure  2*32.  Switdiihg  lever  cbhtrbl. 

Howevo-,  once  the  Y  pinion  is  rotated,  the  cutojut  is 
r^xMitioned  so  that  the  flange  engage  one  of  the 
cutouts  in  the  guuie  rule,  figure  2-30^B. 

X  arid  Y  off-normal  and  overflow  spring 
piladfx.  The  X  pff-hpnnal  spring  pileup  and 
overflow jspnng  pUeup  (X  control)  are  controlled 
by  the  switching  levetcbnncetisd  to  the  toggle  lever 
as  shbwTi  in  figu  J^^_^^^^J^B  J^^^JI 

looted  on  the  baseplate  directly  below  the  cog 
roHei:  assembly  and  is  mechanically  coupled  to  the 


X  gefi"  cluster,  figure  2-32:  two  studs  mounted  on 
-the  under  side  of  the  X_  sprocket  gear  control  the 
moycihcni  of  thjs  Icyef^  Tlw  normal  position  of  this 
mechanism  is  shown  in  figure  2-32. 

When  the  ^  sprocket  gear  is  rotated  in  the 
direction  shown  in  figure  2-32  by  the  arrow, 
fwistancx  to  moUdn  is^rcmovcdfrom  the  switching 
lever  The  lo^le  lever  in  figure  2-32  is  normally 
under  teiisioh  from  the  X  bff^  normal  spring  pileup. 
Thus,  the  switching  lever  is  found  to  move  and  to 
allow  that  pileup  to  operate. 

If  the^  sprocket  gw  is  rotated  so  much  as  to 
send  the  X'  caLrriagc  into  lA^^  in  the  X 

direction),  the  overflow  pil^p  is  operated.  The 
switching  lever  stud  engages  the  switching  ieVer  on 
the  lOth  X  stg)  isd  that  the  1 1  th  X  stg>  forcK  the 
switching  lever  to  move.  This  operate  the  toggle 
lever,  which,  in  cum,  ojxrat«  tlw  pjJj^P^ 
Sina  there  are  bat  10  cutouts  in  the  guide  rule  of 
figure  2-30,  the  flange  of  tl^  Y  pinion  becornn  so 
pbsiUbned  as  to  prevent  any  movement  in  the  Y 
direction.  The  overflow  spring  pileup  will  remain 
operated  as  Ibng  as  the  X  carnage  is  in  bverflbw. 


The  Y  bff-hpnhal  spring  p^cup  and 
spring  pileup  (Y  control)  are  controlled  by  two 
cams  mounted  on  one  end  of  the  c<^  roller 
assembly.  These  cams  rotate  whenever  the  cog 


A.  Y'-OFF  NO'^AL  CAM  (NORM AC  POSITION^ 


to. 


(.  V_OFf-NO»«IIIAL  CAM  lOFF-NOBMAL  TO8ITI0N) 


C.  V-OVt«»LOW  CAM  (NORMAL^POSmON)  0.  V^VlWCOW  CAM   (OVERrLOW  POSITION! 

Figure  2-33.  Spring  combination  operation  by  Y-ofT-normai  and  overflow  cams. 
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Y-RETAiNiNG  PAWL 


.020"  RAbiAL 

Clearance 


PAWL  STOP 


oob'-.oio' 


COG 
ROLLER 


Figure  2-3^1  Ccntmitic  of  oog  roller: 


y^RETAlNlNG  PAWL  NUT 


t-RrrAlNlNG 
PAWL  ASSEMBLY 
MOUNTING  SCREW 


roller  isrotatcd;  Figure  2-33  shows  the  operation  of 
^^XprThorinalaf^  , 

A^Jwtn^fet^  Now  It  is  time  to  take  a  loot  at 
some  of  tlie  specifications  for  adjusting  the  XY 
Oriivcfsal  switch, 

X  stepping  mechanism.  When  making 
adfustihehts  to  the  X  stepping  mechanism,  the  first 
r^u irement  .is^X  cIustCT,  I incup,  and  backlash. 
This  is  done  by  checkin^to  see  that  the  ccnterlines 
P^^^_^_  Rear  cluster,  its  index  hole,  and  engaging 
tooth  arc  perpendicular  to  the  axis  of  the  cog  rbljer. 
Now,  that  sounds  like  a  mouthfui^  but  it  isn't,  took 

^^r'?**''^  ?'2^J^1^  Jl™^^^  l"l«g*nAry  line  straight 
down  from  the  index. hole,  through  the  X-post  nut, 
^l2"8_?*^  edge  of  the  X  retaining  pawl  where  it 
engages  the  X  ratchet  gotr.  If  all  three  arc  on  the 
l^ne  and  the  line  is  perpendicular  to  the  cog  roller, 
you  have  it  made:  If  it  isn't,  there  arc  a ^ couple  of 
things  to  do.  First,  loosen  the  X  post  nut  just  a  little; 
^sjnd,  di«jnigagc  the  X  p|w}  from  the  X 

gear  t9tchet  and  then  shift  the  X  gear  cluster  very 
^?^yi|y^y^tilsthc,  i  hole  and  the  X  pbstlrfut 
are  on  a  hne  perpendicular  to  the  cog  foljcr^  Jlicn 
adjust  the  X  reto^nihg  ^wj  until  it  is  on  the 

from  the  X  ratchet  gear^  using  a  fingernail: 
_ J^^w  for  the  t»cklash  adjustment.  Backlash  in 
this  case  is  the  quick,  sharp  recoil  bctwc*n  the 
sprocket  gear  teeth,  figure  2-26,  and  the  teeth  of  the 
cog  roller:  This  is  done  first  with  the  cog  roller  jn 
the  normal,  at  home  position  and  then  sliding  the 
cog  roller  slightly  to  the  right.  This  adjustrrtent  is 

Y-STOP  ADJUSTING  SCREW 
ICEV 

y-STdP 


Figure  2. .15.  Y-t(op  •Mcmhly.  left  end  of  iwiech  shaft 


-.000-^015" 
TANGENTIAL 
CLEARANCE 


Figure  2736.  Y-reuining  p«wi  «»cmbly. 


gaged  by  eye,  and  there  should  be  from  .000  inch  to 
.010  inch  between  the  sprocket  g«u-  tooth  and  the 
mating  cog  roller  tc»th.  If  the  requirement  is  met, 
check  it  with  the  switch  in  the  X-5  and  X-10 
F^l^^ion- Jf_U  is  the  X  post  nut  and 

reposition  the  X  gou  cluster  and  try  again. 

From  here  we  go  to  one  of  the  V  mechanism  ad- 
justment requireitients.   

Y stepping  mechanism.  The  requirement  for  the  Y 
tetaining  f»wl  and  Y  stop  is  the  one  we  now 
consider. 

Before  we  start,  however,  a  word  of  advia^llSE 
THE  FIGURES  IN  THE  TECHNICAL  ORDER! 
You  have  heard  it  said  that  **A  picture  is  worth  a 
thousand  words."  Tliis  is jjartic^^  true  when  it 
concerns  something  of  a  tecfanical  nature:  The 
^*i?'J^J  oilers  wc^iw  like  annular, 

tangential,  etc:  They  arc  words  you  don't  iisc  every 
day  and  may  throw  you  ibmewhat;  but,  if  you  look 
at  the  figuns  that  come  with  t)i^  instructions,  they 
hormally  clear  things  up  for  you.  Now  on  to  the 
requirement 

The  first  requirement  stat^  that  the  Y  retaining 
pawl  assembly  is  to  be  so  positioned  that  the  inner 
face  of  the  y^wl  is  approximately  .010  inch  ahead 
of  the  cenieriine  along  the  axis  of  the  cog  roller 
tpok  at  figure  2-34;  the  inner  face  of  the  Y 
retaining  pawris  the  side  close$j_to  the  Y_ magnet  . 
assembly.  There  arc  two  lines  running  do^n 
through  just  right  of  the  cehterlirie  of  the  cog  rojlfer, 
This  requirement  does  not  deal  with  the  pawi 
?^*ting^with       roller  teeth  but  with  the  inner  face 
of  the  pawl  extending : 000  inch  to  .OlOJnchJ^teKl 
of  the  ccntcrline  of  the  cog  roller.  This  requirement 
^et  by  Jooicningjtl^  mounting  icrcw  bf  the  Y 
retaining  pawl  assembly  and  sliding  it  into  proper 
ppsition,  then  carefully  tightening  the  screws. 

^ext_  rajuircmch  the  tangential 

clearance  beiwech  the  Y  retaining  pawl  :  and  its 
f"^^'"8  ^^^^  9^  ^hc  cog  roller  must  not  exceed  .015 
inch  at  its  most  open  position  with  the  play  of  the 
cog  roller  key  eliminated.  We  are  dealing  with  two 
things  here  Cog  roller  key  play  is  found  by  turning 
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.  COG  RdLLffi 
EXTENSION  ARM 


X.4UTCHrr  GiAR 


RELEASE  MAGNET  ARMATURE  ARM 


.007  MINIMUM  REUASE  CLEARANCE 


Y^rrAtNiNG  PAm.  ' 

^EkTENSlON  ARM 


ARMATURE  BACKSTOP 

RELEASE  MAGNET 
RESISTOR  -  ^ 

RELEASE  SPRING  PILE-UP 

RELEA:&E  magnet  MOUNTING' SCREWS 


Figure  2-37:  Release  mecbantsm,  top  view. 


the  pinion;  gear  from  the  top,  sli^tiy  ipwahi  the 
back  of  the  switch  of  couhtefcrockwi 
ChG^  the  movement  by  looking^^  at  the  kcyifig. 
2-35),  wipers,  and  the  retaining  j)awL  Thjs 
mbveinent  shows  the  tangential  ci^nmcc,  sec  figare 
2-36,  between  the  Y  retaining  pawl  and  the  mating 
tooth  of  th«  j:bi  rollCT^  W]^ 
gou-,  you  torn  it  only  until  the  jhaf(  starts  to  move. 
The  distahce  that  the       rpJiCT  ahd_i>iiii^^^ 
move  from  the  start  of  the  turn  until  the  shaft  starts 
to  move  is  the  pGiy.  If  at  this  point  the  cliearance 
cxc«ds_.015  iiich  ^twccn  the  pawl  and  cog  roller 
tooth,  there  is  too  much  play.  _ 

The  excos  play  |s  eliminated  by  id^ 
stop  adjuitment  screw.  The  first  step  is  to  loosoi  the 
iocking  nut  shown  in  figure  2-35.  Once  this  is  done, 
turn  the  Y  stop  adjustmeht  icfew  counterciockwisc: 
Check  the  tangential  clearance  and  readjust  until 
the  clearance  req^uiremc^^ 

tigttten  Jhe  locking  nut  so  that  the  adjustment  i$  not 

disturbed.  ,   ]_ 

Twb^vill  and  one  to  gd^  With  Hx  Y  ouriage  in 
the  normal'(honie)  position,  the  radial  clearance 

between  the  Y  t^inih^  paMifnd^ 
cog  roller  rcor^ should  be  a  maximum  of  020  inch. 
Take  a  look  at  figure  2-36;  it  clears  up  thinpJi^c 
root  of  the  cog  roller  tooth.  What  the  requirement 
is,  is  a  space  with  the  switch  and  Y  retaining  pawl  at 


hbrmaLpf  nprmpfe  thM  J02O  |nch.  It  is  jpig^  ^ 
eye  and  is  easy  to  check.  Push  down  on  the  top  of 
the  pawl;  it  should  go  down  Jiito  thc_<x^g  roller 
tooth.  If  the  pawl  moves  down  more  than  .020  inch 
before  it  hits  the  root  of  the  rolIciitp<)th,  you 
t^ve^^^justn^t  to  inake.  Look  at  figure  2-S7  at 
'  tiie  extension  arm  of  the  rel^ise  magnet  armature 
assembly . J t  re^  the  Y  retaining  pawl;  by 

carefully  bending  the  arm,  your  ajdjustment  is  made. 

With  your  knowledge  of  swteh  c^ 
switch  ftfnctions,  and  the  mechanics  of  vadous 
switch  operations,^  along  with  technical  data,  switch 
adyiutmeht  should  not  be  difficult 

E^erciiM  (212): 

Idefitify  what  adjustments  need  to  be  made  and  the 
tooUs)  us^  to  make  each  a^dj^^tment  for  the 
problems  sta^  below. 

1.  The  switch  oversteps  in  the  X  direction. 


2.  The  switch  cannot  step  to  Y- 1 1 .  the  problem  is 
not  in  the  Y  magnet  assembly. 
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3.  The  switch  indicate  it  is  stepped  farther  in  the 
Y  direction  than  it  really  is. 


4.  The  X  mq;net^  when  enersized,  does  not  pull 
the  X  arnature  to  it. 


5.  The  twitch  taka  one  Y  step  during  testing  in 
the  twitch  test  set  and  goes  no  farther,  the  Y 
magnet  6o€$  not  deenergize. 


213.  State Jww  leiected  switcli  m^mm^H  aflect 
olier  idftistnieiiu. 


Let  us^  lodk  at  Y  stepping  mechariism. 
Y  stfj^ping  wcto/fis^^The  Y  retaining  pawl 
the  shaft  from  returning  to  Y  normal  during 

Y  stepping.  lU  adjustment  is  not  difficult,  but  think: 
about  ihc_  other  adjostmenu  that  it  affetts.  Sec 
figure  2-20.  If  aff^  the  position  of  the  wipers  If 

■^i'?^"^^"^  cjfimgt^^^^  y?c  _w_ipen  cither  step 
past  or  step  short  of  a  bank  corttaa.  It  also  throsvs 
^^ziyiLV  MrSS  i^MStrnciit  off  as  well  as  the 
tangential  clearnce  adjustment. 

Release  mecfiimsm,  pictures  the 

reloae  cojnponenB  Wha^ojuld  it  possibly  affect? 
It  either  releases  the  switch  or  it  doesni.  Wlwn  you 
*??l^?J^J09yntj'S_¥^  move  the  release 

magnet  assembly  just  a  little^  what  have  you 
^<^=t^7_  Hunk  about  it  before  reading  fiirther. 
You  have  chuiged  the  r»lial  cjeanmce  between  the 

Y  retaining  piwl  and  the  cog  roller.  You  may  have 
don^e  sdttiething  emi  Jndrc  impbrtaht;  the  switch 
may  try  to  release  X  first,  instrad  of  Y  That  is  hard 
bh  wijjcrs.  

We  coaid  go  on  with  this^  but  the  tnith  is  that 

^^a  i  i^  ^   already  have  the  information,  and  with  the 

XY  Switch  A^iiitnieitt  Relirtiooafaips.  The  XY      figure  providtti  in  this  chager  or  an  XY  switch 
Uniwrwl  switch  acyusmen^^        to  one  another      itself,  you  can  identify  the  other  relationships, 
far  more  than  i^  the  Strowger  two-motion  stq^ing 

switch.  It  is  ca^  to  sec,  then,  why  a  thorough      Exerclaw  (213fc  * 
knowledge  of  thw  relationslups  is  impon^^  _  _^  ■ 

We  dp  not  att^pt  to  cover  all  the  adjustment      State  what  switch  adjustments  are  affected  by  the 
relauonships^  but  rathct  make  you  look  at  the      change  in  the  adjustment  listed  below.  Use  fig^^ 
switch  and  use  the  informadon  yod  alr^dy  posi^      ^'  ^  ^  through  2-37  as  needed, 
to  ^  th«j  rela_tip^|».  l.Thc  Y  retaining  pawl  assembly  is  moved 

X  stej^ing  mecmnjsm.  Whai  the  X  magnet  forward  (toward  the  cog  roller), 

operates^  it  causes  the  armature.tb  pull  up  and  the  X 
interrupter  contacts  to  djxsh.  TtejuTiiatu 
catising  the  attached  paw]  to  engage  the  X  gsir 

cHistCT  and  tiirii  it  The  X  ^r  duster  mov^  the  c^g       2.  Only  the  X  retaining  is  moved  very  slightly  to 
roller  in  the  X  direction  as  it  turns;  it  also  allows  the  left  (toward  the  left  bearing) 

tte  switching  lever  to  move.  The  switching  lever,  in 
moving  toward  the  X  g<»f  cluster,  borates  the  X- 
pfF-normal  (XONl  pilcup.  This  ^oes  on  and  on. 

Ux)k  aLfigurc  2-17  a  3.  The  release  magnet  is  moved  slifihtly 

Yon  remember  that  in  technical  school,  the  first  counterclockwise..  » 

y^i^^J^y  diJd  when  ^ou  were  adjusting  the  XY 
switch  ws  to  adjust  the  X  rctainin^jiawl.  It  is  a  ' 
ipgical  piM:e  to  start;  it  is  the  home  or  normal  ? 

pc»iuon  &^  move  th^       4.  The  step  screw  is  turned  one-half  turn 

reuining  pawl  assembly;  diis  often  m^ans  loosening  counterclockwise, 
the  ejector  strap  t^^  also  connects  to  the  X  gear 
cluster.  Now,  once  that  adjustment  is  made,  what 
adjusmients  have  you  affected?  Would  you  believe  : 

the  Kljustmcnt  d^Uhg  with  the  place ^^^^^  the  X        5.  The  front  screw  (n^«t  the  wire  banks)  of  the 
armanire  pawl  strikes  the  X  ratchet  teeth?  cog  roller  support  is  tightened  slightly. 
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Tttophom  systems  Fundamentals 
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^^^N  FT  COMES  to  teleplK>ne  ^^teim,  souhd, 
transmitters,  and  receivers  are  about  as 
^  fiindiunentai .  as  you  can  get  Isn't  that  what  a 
y^t^onejy^m  is  all  fbojit?  Jjpt_about  je^^ 
sound  from  one  place  to  another  means  that  you 
xicod  u  wuy  to  jet  the  sound  v^ere  you  want  it. 

That  is  what^his  ciapter  (R>ver$.  We  4cK)k  first  at 
sound;  what  it  is  and  how  it  travels.  Then  we  tie  it 
^oti^y*^.  _i  Jran«nittcr_  M  which 
enables  sound  to  ttavel  farther  thm  it  can  in  the  air 
We  discuss  Uk  relationship  of  the  original  sound 
wave,  w^t  happens  to  h  afte^  it  soikes  the 

traiumitter  and  after  it  leaves  the  receiver  

wijl  alio"  Joo  of  the  telephone 

systems  that  makf  k  possible  for  you  to  talk  to 
sbmebhe  who  is  but  of  earshot  or  whom  you  can't 
see. 

3^L  Siwadt  TnuiLiittefi^  lad  Receivers 

L_  Ally  tclcp^torie  iyste^  d^Sliw  juid  cn^ 
sound.  So,  we  will  concern  ourselves  with  the  origin 
and  chancteristics  of  sound  waves  as  ah  introduc- 
»tg|n  to  the  eiem«iQ  and  operational  prindples  of  a 
^pic  telephone  system. 

.        _        _   .  .  . 

214.  Given  potlient  qmtMcm  ceacenrigg  tbc 
triiMilMidii  of  ioiid,  ivpply  brief  iMwm. 

SoHid*  Sound  is  the  sensadon.  caused  in  the 
nervous  system  by  vibration  of  Uie  delicate 
'membranes  of  the  ear/An  analysis  of  sound  as  a 
Knsatipn  is  not  nectary,  biit  we  will  mention  that 
the  caittes  of  sowd  l^physia^  vibradons  am  be 
analyzed  and  measured  with  accuracy.  Sound 
fcjwlte  frqm  ligid  or 

semirigid  body;  for  example,  a  hacksaw  blade  (see 
fig.  3-1).  If  you  hold  a  pencil  lighUy  against  the 
vibradng  body,  the  physi^l  modon  often  may  be 
felt  by  the  haad.  Without  the  pencil  as  a  i^edium  for 
the  transfer  of  eher^,  the  vibradons  <^hot  be  felt, 
even  at  a  small  distance  from  the  source:  Although 
you  could  hot  f(^j  the  vibradons  with  the  hand,  they 
are  heard  by  the  ear  as  sound.  Thejphysical  m^ium 
betwMn  the  source  of  vibradons  and  the  car  is  the 


air,  which  is  set  in  modbh  by  the  vibradng  body  and 
(juried  to  the  delicate  and  sehiidve  membranes  of 
theear.r 

Other  mcxiiums,  eitter  solid  or  li<|uid,  can 
transmit  sound;  For  instance,  a  boy  la^  his  ou* 
against  a  railrp^  track  to  detect  ah  oncoming  train 

through  air.  Vbu  know,  too,  that  the  American 
Indian  is  j^put^  J^  l^^  ftr 
away  foottteps  by  pressir^his  or  to  ^  ground:  In 
|x>th  castt,  a  denser  medium  carried  the  sound 
farther  than  the  lound^^ld  travel  in  air. 

Somd  natives.  The  motion  of  the  air  molecules, 
wti  lip  by  a  body  vibratihg  in  air,  prpduces  sound 
M^ves  which  ttavel  outrard  in  all  directions  from 
the  vibrating  source.  The  manner  in  which  sound' 
waves  are  produced  can  be  understood  by 
cbiuidering  a  ra^dly  vibrating  strip  of  metal,  such 
as  a  haclourw  bl^^ 

The  hacksaw  blade  jn  figure^«2^^  is  shq^  a^^ 
rest  the  air  particles  are  evenly  jspa^  on  both 
^^^^^J^  AOlih^yw  to  tfe  ngh 
tWo  events  of  opposite  nature  occur.  One,  the  blade 
mpmehti^^  increase  the  prmure  in  the  group  of 
air  porticio- adjs»tt  on  r^fiiU  c^ouing  ^  Jo^al 
oonderuniion  QT  btmching-up  of  the  particles  on  that 
side.  Two,  tte  blade  mbihehtarily  decreases  the 
pressure  in_thu^up  of  ur  porticia  adjacent  on  m 
caittihg  a^cal  hif^Sictibn  or  di^imioh  of  the 
particiq  on  tl^  side. 

Condensation  and  raie£scdon  occur  at  the  same 
yt^_¥Kl jLit  cauied  the  single  motion  of  the 
blade  to  the  right 

If  free  to  vibrate  by  itself,  the  blade  starts  to 
move  to  its  v^|1(qi1  I^ition_of  as^  in  fig^ 
3-2,C;  but  motion  has  been  impanl^  to  the 
Pirl'clcs  on  Mch  side,  an^  their  subsequent 
behavior  is  affected:  like  bunched-up  group  on  the 
right  has  b^  given  a  velocity  outwanl,  and  pU8b» 
ag^^t  the  layer  of  p^cla  still  i^^ther  to 
Great  numbers  of  minute  collisions  occur  and  the 
f^*^cl«  j^w  thei^^  neighbK>rs  their  own 
motion  and  buncKed-up  arrangement.  This 
accounts  for  the  new  position  of  the  r^bns  of 
condensation  and  rarefaction.  This  outward 
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VIMATIM  A  HACKSAW  BCAOC 


Hfura  3-  i '  Vibntifig  a  blade 

iproijitu  ^^tiriucsL_t|MS_  wavv^  of  Mimd  imeify 
moviag  nqMcflY  outward,  bm  the  individual  air 
piitict^  that  transmit  the  mbcibh  rraiaih  behind. 

.AJt^J'l^^  reonu  left  toward  the  verti^  and 
the  condensation  travels  outward  to  tfe  ri^t,  an 
incraoisig  gSH?  <8^cun^  them,  as  ^wn  in  C 

of  fignre  3*2«  Hds  rqgioii  becoma  one  of  Imening 
prenure  because  the  nearby  ait;  particies  tend  to 
in  and  tl^^sp  to  normal  daisity>  By  the 
time  the  blade  reaches  the  vertical  the  presjsure 
immttiaateiy  to  its  right  has  decreased  U) 
nonmit  and  normal  pr^mre  has  been  retored  jost 
tbittlefL 

The  blade  at  this  pdiiit  has  a  good  deal  of  ^ 
velod^  and  continues  to  the  left  as  in  D  of  figure 


A 


Figure  3-2.  Sound  wave  produced  by  a  vibrating  hacksiw 
blade. 


3*2.  It  how  has  caused  a  c^hdehsaUQli  oh  i^  le^^ 
and  a  rarefaction  on  its  right;  The.  initial 
cdiidehsatibn  ;6h  the  right,,  meanwhile,,  has 
progn^ed_  still  farther  ftom  the  blade,  and  the 
initial  rarefaction  still  farther  to  the  left 

In  this  way,  atjeach  advance  of  the  blade  to  either 
side,  a  cr^t  of  cohd<msatipn  is  sen 
ouriyard;  and  at  SKh  reoeat  of  the  blade  a  trough  of 
rarefaction  is  atabiisbed  The  energy  of  each  wave« 
cr«_tb  crjM*,  w  ^  ?*?«?<^of 

energy  of  motion  of  the  blade.  This  energy,  now 
called  a  spuhd  wave,  continues  jbutw^ 
jw^clei  which  transit  the  energy  do  no;  go  along 
with  it;  each  collides  with  its  outside  neighbors, 
un^im  its  <meigy,  uid  retimis  U>  a^Hlt  cIcmmi jo^i^ 
origmal  position.  Thto,  with  the  blade  a^in 
verdcal,^  jiprmal  pr^sure  is  restored  oh  both  sides 
of  the  bU|^  as  in  E  offlgure  3-2.  By  this  time,  bodi 
condensabon  and  rarefactibhs  iuive  mbvod  farther 
out  from  the  squra 

figure  3-2,  by  a  new  wave  which  has  been  formii^^ 
The  prpcos  cbntihwn  and  a  train  of  waves  is  sent 
out  as  long  as  the  vibration  ODntinuet 

Rtpresmtatkm  of  sound  wav&.  Sound  waves  may 
be  repraented  bh  a  graph  by  plottihg  the  relative 
99!npraaion  of  the  air  i^^clof  of  suoc^ive  ffrou^ 
a^nst  their  distance  from  the  source  or  against 
time.    : 

In  figare  3-3,  a  portion  of  figure  3-2  is  redrawn 
shbwihg_ the  particle  ODthprisihg  seversil  sound 
wipci.  The  alterna^  regidits  of  conderisaqon  and 
rarefaction  are  moving  toward  the  right,  as 
explained  before.  Below  this  representation  is  a 
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CONDENSATION 


RAREFACTION 


FREQUENCY  i  4O0  CYCLES 
PERIOD  •     I  /aOO  sec 

Figure  3-3.  Waveform  of  simple  sound. 
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1^1^  on  wht^ttevmlsl  disono^  consspond  to 
the  relative  comprntioQ  of  the  air  particles  ^long 

the  curve  (positive  peaks)  lie  beneath  places  of 
iDaximuin  obhdehsatioh^  the  lowest  points  of  the 
^'^^^(^^Pl^  P?^|)  lie  beneath  places  of 
maximuin  rarefaction  and  points  on  the  horizontal 
axis  Ue  J>Bn(B|^   

Stncp  tlw  wave js  onveting  to  the  right,  the  orpf 
the  Hsteher  experience  variations  of  prenure 
IdeittisUjiHth  tlm^  existing  along  the  path  of  jhe 
wave;  first,  the  rarefaction  farthest  to  Jhe  right,  then 

Jll$_ic4mt  CO  Thii  is 

beonise  the  entire  train  of  wava  is  moving  toward 
the  ear  from  tlK  1^  For  this  roibn,  tiie  graph  of 
prmiKi  apuwdoM  at  imy  point  is  idoidosl  with 
the  graph  of  pressure  against  distance  at  any  instant, 
ami  Hbnzbntil  diitahces  may  rq>reieht  intervals  of 
time. 

This  parupular  graph  repreim  the  sound  wav^ 
set  upby  an  obj^  vibrating  400 jdni^  each  second. 
The  time  required  for  each  complete  vibration  is, 
therefore,  1^400  second. 

The  number  of  j^mple^  idbratsons  D^^ 
that  occur  in  1  second  is  the  same  as  the  number  of 
cycte  of  tte  _ww5  |te*t  oow  in  1  _^cond.  This 
number  is  called  the  frequency  of  the  wave;  A  cycle 
is  a  complete  set  of  prosure,  yaJu^,  from  one 
pc^idve  p^  to  the  next,  anywhere  along  the  |%th 
of  the  wive.  The  words  "cycto  per  s«x>hd'*  usually 
are  e)^'m«i  as  ^rtz.  TIm;  doK  required  for  one 
cycle  to  occur  is  called  the  period  of  the  wavc^It 
usually  is  fMasiired  iii  iccqti^  pr  imUiiBC^^^^  The 
period  is  die  ^ecipro^  of  the  frequenqy:  For 
example,  the  fiequ^icy  of  the  waveform  illiistriibed 
in  figure  3-3  isjl60  to«z,^^b  the  period  is  1/400 
second  or  2.5  milliseconds: 

TYit  maxiihuih  ^ue  of  the  \imve  me^ttiu^  from 
the  KTO  >Kjsjs_called  the  ampiinide  of  the  wrave^ 
The  sound  repr^ented  in  figure  3-3  is  a  pure  tone 
MJ™^^  J*y:_lL^  graph  is  a 

^ne  wave,  the  tenns^  ii^idi  apply  to  electrical  sine 
way^  lUsp  apply  tO:  it 

Complete  SDun^:  Mo^t  sound  sources  in 
telephony  do-  not  produce,  sounds  of  die  simple 


form  repr^ent^  by  the^sne  wave  of  figure  3-3: 
Those  usually  encountered  are  complex  sounds 
<*'^if^**8^  of  t^b  or  more  iimple^^iinds,  each 
having  its  own  frequency  and  amplitude.  The 
variations  of  the  voice  are  of  considerable 
importani^  In  telephony,  for  ^y  iwt  of  tiie 
telephone  syston  which  suppresses  or  distorts  them 
makes  the  received  sound  less  intelii^ble. 

Frequ^^  and  ampliti^e  of  soimd  are  the  two 
most  important  qualities  of  sound. from  the 
standpoint  of  voice  cbmmunicatibn.  Speech 
frequency  is  determined  mostly  the  speed  of 
vibration  of  the  s|^aker*s  vocal  cords.  Freqiienqr 
detemiinei  the  pitch  of  ^  sound:  The  sound  of  a 
siren  starto  at  a  low  frequency,  goes_tb  a  high 
frequency,  and  ends  it JJow  frequency^  Tlie 
earxan  detect  sounds  from  about  20  hmz  to  about 
20,000  iMTtz.  Mbit  speech  reqiiim  bn^  the 
frequencies  between  200  and  3,000  hertz: 
Ampiinide  of  sound  is  cloKly  related  to  loudness, 
h  is  determined  largely  by  the  power  us6d  in 
speaking:  -    -  ^ 

Why  is  this  busihi^  of  frpquehqr  and  amplitude 
importam  to  a  c^tral  office  mechani<^  The 
telephone  circuits  that  you  maintain  and  repair 
nuist  eno^  sbuiid  frequenci^tb  fP<^c^ 
understandable:  The  sound  amrplitude  at^  the 
reiibeiyer  miist  be  great  ehbii^  tb  be  heand.  Poor 
connecdqns  reduce  amplitude:  Wrong  size  of 
certain  coihpbhehts  or  faulty  compbhehts  on 
'^^^/^'^d^^c:ie5  and  amplitudes  to  |ach  an  ext^t 
that  speech  is  not  understandable.  The  part  of  the 
M^honc  systOT  ttet  §5^  _an^_«?ntrbls  the 
frequencies  and  amplitude  in  the  circuits  daring  a 
telephone  cbhversatioh  is  the  telephone. 
_  By  means  of  the  teiq>hone,  conventions  may  be 
held  over  great  distances.  To  accomplish  this,  the 
fwnd  waw_bf  sp^  miist  convi^^ 
form  of  energy  diat  can  be  transmitted  efHciendy 
over  wires.  The  cphversioh  prbdupn  elecoical 
(^itent)  in  the  ttansmitter  of  the  sp^efs 
telqphone  set  The  electrical  waves  which  are 
created  cbiTes|k)nd  tb  sbiihd  waves  bbth  in 
waveform  and  frequency,  tlie  electrical  waves  are 
transmitted  over  the  transmission  line  and  enter  the 
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Figure  3^.  Trmnsminion  of  sound  by  telephone. 
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Figure  3-5.  Telephone  trmitsn^^. 


receiver  of  the  listener's  telephone  set  The  reaiver 
converts  the  el<Ktncal  waves  back  into  sound  waves 
which  agsis  cornspond  In  wav^orm  and  frequency 
to  the  originai  sound  waves.  The  listener  from  his 
r^ly^  thus  Ikais  woixis  coitts^  to  thic>se 
spoken  into -the  distant  transmitter,  this  is 
illustrated  in  figuie  3-4. 

_T))»c  fiiiidai^^  telephone  <an 

be  summarized  by  the  explanation  that  eiectricat 
wavo,  traveling  over  wira,  are  substituted  for 
sound  wava  traveling  in  air,  oveijhe  major  portion 
of  t6e  distance  separating  the  speaker  and  listener.^ 
Vanotu  tyjm  of  in  use,  but 

this  principle  is  common  to  them  all. 

Operation  of  the  telephone  presents  some  rather 
complex  problems  which  do  not  occur  in 


tran'miMibh  of  sound  through  air.  These  problems 
include  distortion  of  the  sound,  noiiRS  generated 
mechanically  and  electrically*  tri  the  telephone 
system,  noise  from  external  sqiircra,  the  cutting  off 
of  some  of  the  low-  and  high-frequency 
com^ncnts  of  yi^^^  ip 
volume  which  occtU3  in  jong-distancc  transmission: 
All  of  these  problems  tend  to  reduce  the  clearness 
of  the  wdi^,  tlw_  riattualnc^ 
quaiity  of  the  sound.  These  problems  arise  from  the 
^D=s,_frofn  the  o^^  of  the  equipment 

and  from  the  associated  circuitsjequired  for  the 
generation  of  power  The  engineer  must  consider 

equipment,  and  both  the  operator  and  the 
fSfiS^tcna^cc  be  J^miliar  with  them  to 

secure  the  best  pcxaibie  operation  of  the  equipment 
Particularly,  distortion  of  sound  and  distraction 
from  external  sourcei  must  be  kept  at  a  mihiruum, 
^  since  the  personal  contact  so  impormnt  in  face-to- 

faae  oonversatioh^  is  lacking.  

the  tctcplioac  trannnittcr.  The  two  basic 
parts  of  the  transmitter  are  a  metal-disc  (diaphragm) 
and  a  ^boh  F^ket  'I^^jiisphragpi  is  a  thin  metal 
disc  which  vibrates  when  sound  waves  strike  it. 
Figure  3-5  is  a  pjcmirc  of  a  Jransmitter  arid  figure 
3-6  shows  a  simplified  drawing  of  a  receiver 
network.  A  button  is  attached  to  the  center  of  the 
diaphrapn  and^xjends  into  the  (^rbon  chamt)er. 
The  carbon  chamber  is  loosely  filled  with  grains  of 
<art>on.  When  the  diaphragm  vibrates,  the  button 
packs  the  cartx)n  granules  as  it  moves  inward  and 
iogsehs  tJfe  grahute  it  mpvcv  butwa 
oirbon-fiiied  chamber  acts  like  a  v^lve  for  elecoi^l 
current  More  current  flbv^  when  the  grahulo  are 
^cked,  and  Itts  current  flows  when  the  ^anula 
are  loose.  Thus,  the  current  flow  through  a 
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Figure  3*6.  Telephone  receiver. 
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transmitter  varies  with  the  frequency  and  amplitude 
of  «>uhd  v^m. 

'  TIm  Teiephone  Recciver^j^  telephone  i^iver 
is  shown  in  figure  3-6.  Its  thiiee  basic  parts  are  a  thin 
metal  diaphragm,  a  piermanent  magnet  (bar 
magnet),  and  a  coil  of  wire  (winding).  The  coil  is 
irny)8^  JP  Ullti^  '^^^^^^^ni  aids  or  opposes  the 
permanent  magnet.  The  current  which  flows 
through  the  receiver  coil  results  fr<^m  the 
transmit^r  current  which  varies  as  t^hejKnind  wa^ 
vary.  The  receiver  diaphragm  is  placed  near  the 
mafpet  that  it  is  attracti^  more  or  1^  the 
vaayiiig  n^{netic_  fonx.  The  re«iver  diaphra^ 
thus  vibrates  at  the  same  rate  as  the  electrical  wav^.  - 
As  the  di^hr^m  vibrates,  it  sets  air  {xifticles  into 
motion;  the  electrical  waves  are  chantged  into  sound 
waves. 

Excrclsei  (214): 

Complete  the  following  about  sound,  transmitters, 
and  receivers. 

i .  What  Is  the  definition  ^[jpond? 


10.  What  is  the  basic  function  of  a  telephone 
transmitter?  .     '  ^ 


11.  What  actipn  in  the  transminer  increases  yhc 
current  ih: jirtransmission  line? 


i  2.  What  is  thl^ationship  betw«n  the  frequency 
and  sh^pe  -of  the  sound  wave  applied  to  the 
transmitt^uid  the  resulting  electrical  signal  on 
the  transmsion  iine?  Why? 


13.  Whaf  are  the  three  basic  parts  of  a  telephone 
rtceiver? 


14.  What  does  each  major  f»rt_of  a  reosiver  do  in 
converting  the  current  wave  to  sound? 


2!  What  does  sound  result  from? 


Name  three  types  of  mediums  with  respect  to 
sound. 


15:  What  is  the  relationship  between  thefrequdncy 
and  waveshape  of  the  electri^l  signal  of  the 
transmission  line  and  the  resulting  sound  wave 
at  the  receiver?  Why? 


4.  What  is  a  medium,  with  respect  to  sound;  how 
does  it  work? 


5.  In  what  form  does  sound  travel  through  air? 


6:  What  are  iDondensation  and  rarefaction? 


7.  What  does  the  representation  of  pure  tone 
sound  waves  r^embie  on  a  gr^>h?  ^ 


What  three  valu^  of  a  sound  wave  can  be 
determined  from  a  graph  of  the  sound  wave? 


What  arc  the  two  major  parts  of  a  telephone 
transmitter? 


3-1  telephone  Syitems 

To  cbhhed  bur  telq>bbne  with  other  telephones 
of  our  choioe,  jmimUjwitdung  systems  are  used; 
th«t  is,  ail  of  th^  teiq>hones  tn  a  given  area  are 
a)nnec^  to  a  j^tchboand  or  central  bfTice  by 
telephone  tins  uid  abio^  The  central  offi^,  or 
swii^bbard,  does  the  neceffiary  switching  so  that 
any  two  linei  in  the  area  tnoiy^^  ^n^^nriK^  for 
two-way  conversation.  Also,  connections  are 
fMwicted  tte  Mntral  offiott  for  ooniiectihg 
telephones  in  one  ar»  with  the  ceiq>hone  sytstma 
of  other  areas.  Thus  local  br  long-distance 
^nnc^ons  may  be  made^   _    _  * 

The^  systems  i^jd  at  the  present  fall  into  two 
cjassifibitions^^^  and  djal 

(automatic)  teiq>hone  sys&ms:  in  the  nondial 
^terhi  all  telephone  cotih^bns  are  set  up 
manoajly  at  the J^nral  ^d^^ 
complies  the  connection  at  the  spoken  request  of 
the  calling^party.  lii  tln^  dial ^stem,  the  connections 
are  set  up  automatically  by  eiectromechanically 
operated  switching  mechanisms  under  the  remote 
control  of  the  dial  used  by  the  calling  i^rty. 
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Although  most  of  the  telephone  s^tems  osed 
today  arc  of  the  dial  (automatic)  type,  there  are 
^^iTie  mjyriuiU  di^io  ^d  systems  still  in  use.  It  has 
.  been  the  normal  trendy  however^  as  telephone 
systems  were  developed,  to  replace  the  older 
components  with  unia  of  more  modem  design. 
Thus  the  development  and  improvement 
telephone  systems  is  a  continuing  process. 

2  IS*  GIteii  stateiiieiiU  dboat  a  i>nanual^r 
utooMttic  system's  AndioB,  Jdate  how  the  same 
nmctioa  is  Jkcmi|j^l8icd  1^  the  ^her  system  and 
Idestliy  thoR  ftnctloKi  tioa  are  the  same  In  both 
systems* 

.1  T*^  history  of  tclcpfehe  systcim  dates  back  to 
about  1876,  when  Alexander  Graham  Beli 
invented  the  first  pra(^cal  telephone.  Once  its 
practi^bility  was  cs^blishe^^  a  seafcji  bqpm  for 
ways  of  improving  the  quality  and  extending  the 
scope  of  this  ihstrumeht  The  search  has  been 
continaing  ever  since;  ^ch  y^  new  improvemenQ 
are  perfectol  Naturally,  as  telephone  systems 
became  larger  aitid  ifuirc  J" Solved,  inventors 
concentrated  more  and  more  on  the  development  of 
automatic  ihsta  Hat  ions  in  which  electrically 
operated  machiniei  replace  manual  switchboard 
operators. 

Many  people  living  today  were  introdu<^  to 
telephone  scnace  by  cqu ipment  wh i c h  _rttqu] red 
many  more  actions  6y_  the  subscriber  than  does 
today's  equipment.  These  early  manual -type 
switching  components  provided  effective  service  to 
a  limited  number  of_jsubscribers  at  a  price  which 
was  then  acceptable.  But  the  demandsfor  Ihc^^ 
service  taxed  exc^ivety  this  equipment  and  the 
men  that  car^  for  it  In  fact,  the  type  of  equipment 
theti  in  use  was  unable  to  give  efficient  service  to 
such  a  massive  group  of  subscribers.  Several 
featufiis  that  made  this  equipment  Unsatisfactory 
were: 

_  •  l-Phg-di stance  rails  took  tcx)  miic h  time  to 
originate,  and  after  you  had  your  party,  it  was  often 
impossible  to  hear  what  was  said. 

•  All  the  connections  were  made  operator?; 
and  these  people  requir<xi  regular  salari^,  which 
ihcresecd  Ule  «  

•  A  completediraii  had  to  be  verifiod  by  recall- 
ing the  operator.  This  action  was  o^  hi^ected, 
causing  extra  work  for  the  operator: 

•  The  components  of  the  ajuipmcnt  were  often 
laj^e  and  cumber^  equipment 
unnece^riiy  large.  Also,  some  components  were 
short- livoi,  requiring  regular  replacement 

The  progress  of  automatic  switching,  through  the 
efforts  of  men  who  were  curious  and  unsatisfied, 
has  permitted  extensive  improvement  in  telephone 


service.  Today  you  can  dial  numbers  and  get  the 
d<^ired  cbhhection  without  the  assistance  of  an 
operator.  The  p^rty  whom  ydu  wish  to  speak  with 
may  be  anywhere  in  the  United  States  or  in  certain 

'other  areas  of  the  world.  Future  development  ar^^ 
unlimited.  Aiso,>^ere  is  seldom  a  need  for  you  to 
talk  more  forcefully  than  you  norrftally  would  in 
order  for  your  listener  to  Undcrsjan^  ^du.  When 
you  terminate  a  cail,  you  return  the  handset  to  the 
telephone,  and  automatically  the  equipment  returns 
to  ^e  idle  condition  to  aw^t  another  call:  in 

..addition,  the  cost  is  very  reasonable  when 
compariKi  to  the  cxpNshM  of  telephone  of«rations 
and  the  quality  of  that  service  in  those  earlier  years. 

There  have  been  many  devices  originated  and 
placod  in  use  by  the  competing  industries.  For  the 
^^^3  part,  thc^  devices  have  been  the 

cumulative  developments  of  several  individuals. 
For  instance,  the  first  automatic  switc hi 
was  patented  in  1 879,  but  proved  to  be  impractical. 
Its  basic  idea  was  further  developed  and  then 
patented  in  1 89 1 .  This  switching  device  is  presently 
referred  to  as  a  step- by- step  switch,  because  it 
operates  uj)waid  one  step  at  a  time  and  then  rotates 
around  in  a  similar  fashion  to  make  a  desired 
cdhnectioh.  It  now  appears  that  many  of  th^ 
devices  are  transitional  units,  because  so  many 
developments  are  under  way  that  the  present 
systems  may  be  obsolete  withi|i  ydiir  lifetiqie. 

 System  Devcldpmeht.  ^Miat  occurred  in  a 

system  that  permitted  a  subscriber  of  these  early 
y<^rs  to  converse  with  the  person  at  the  second 
telephone? 

With  the  simple  telephone  system,  the  of^rator  ^ 
completed  the  telephone  connection  between  the 
two  subscribers  by  a  cord  circuit  The  calling 
subscriber  signaled  the^  dperatdr,  who  inserted  a 
cord  circuit's  answer  plug  into  the  proper  jack. 
After  receiving  the  number  or  name  of  the 
subscriber  to  be  called,  the  operator  inserted  tiie 
plug  at  the  other  end  of  this  cord  circuit  into  the 
jack^  associated  w[th  the  jinc_  df  the  called 
stibroriber.  IThe  operator  then  provided  ringing . 
curren tv to  the  1  i he,  wh i c h  rang  a  bell  i h  the  cal led 
telephone  set  During  the  conversational  period,  the 
operator  continued  making  connections  for  other 
subscfibcfs  df  the  exchange^  Tcrminat|dn  df  the 
previous  call  by  the  originating  subscriber  required 
him  to  rcrihg  the  operator  in  order  to  get  the 
switchboard  cord  restored  to  the  ptugshelf  The 
failure  of  many  subscribers  to  noti^  the  bf^rator 
caused  a  switchboard  to  be  tied  Up  dr  busied. 

To  overcome  this  discrepancy,  a  method  was 
developed  to  indicate  the  terminaton  of  a  call 
aUtomati(^lly.  Other  imprdvements  accdmpanied 
the  change,  too.  Every  subscriber,  as  a  normal 
action,  had  to  remove  the  telephone  handset  to 
make  a  call  and  then  r«tore  it  on  the  telephone  at 
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TABLE  i-i  

COMPARISON  OF  METHOD  AND  PROCEDURE  FOR  INTERCONNECTION  BETWEEN  tINES— 
MANUAL  AND  DIAL  CENTRAL  OFHCES 


OPERATION 

MANUAL 

AUTOMATIC 

Subicribcr  initiating  call  ptcKi  up  hli 
handiet  (hookiwitch  cloaaa). 

Line  rilay  iri  C.  O.  operatei. 

_  ^                 ^                      _  ._  _ 

Line  relay  in  C.O.  operalea. 

2 

Line  relay  operates. 

Light  a  lamp  on  awbd.  (aaabciaied  with 

— ■■  ; — !  rrr  T  :  :  ' — :  — — -  _    _  _  _'  _  W 

Marka  poaition  (electrically)  of  calling  auba. 

catlinj  auba.    Line  ckt.  -  and  Jack)  to 
aighaldtpefatar^  ^ 

line  and  eignala  automatic  linefinding 
equipment. 

3 

Signal 

Operator  pi\:_kanup  anavyer  plug  and  con- 
necia  to  caUihl^Hhe  jack.  ^  

Linerinder  Mmie^  autbrriatically  for  calling 
line. 

4 

inatructiona  from  Central  Office 

G^rator  throwa  talk^^^g  key  to  talk 
poaition  and  aaya  *'pumber  pleaae*** 

Lihefihder  connecta  calling  line  thru  to  next 
awitciv.    Next  awitch  «turn^4ial-tone  back  to 
calling  auba. 

5 

Inatructiona  frofn  Calling  parly 

Subacriber  telia  operator  number  of 
__de4irad  aubacrlber*a  line. 

Subacriber^liali^  number  of  atation  deaired. 

6 

Interconnection  of  the  aubaWlbera 

Operator  picka  up  cail  plug  of  cord  cir- 
cuit and  corwecta^o-catled  llne  la^k. 

dIaI  biiliei  control  conhectoV.    Connect r>r  moves 

7 

Signaling  deaired  atation  (ringing 

Operator  throwa  4alk- ring  key  inter- 
mitlantly  to  ring  poaition. 

Connector  automatically  co^ect a  interrupted 
ringing  to-called  atation  Hni.  

8 

called  party). 

Called  subacriber  picka  up  handael. 

Signaia  operator.    Operator  atopa  ringing. 

Connect br  awltcH  automatically  Xiila_^(i_tiiiging 
current.   

9 

Power  for  aubacriber^a  tranamittera. 

Furnlahed  from  C.O.  battery  thru  Swbd. 

Furnlahed  frohi  C.O.  battery  thru  connector  . 

cord  circuit  {it  common  battery  ayatem). 

awitch  circulta,   

id 

Talking  channel  eatabUahed. 

By  operator  with  uee  of  €&r<l4:ircuU  at 
CO.  awbd.  1 

Autoroaficatly  with  awitching  equipment  at  C.O. 

ii 

CHaconnaction.    Subacribera  replace 
handaeta  on  telephonea. 

Subacriber'i  hookawf^tch  cohtrpla  dlacbh- 
nect  (auperviaory)  aignal  in  cord  circuit 
being  uaed. 

Subacriber *a  iiookawitch  opena.  Switching/ 

1 
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y??.  cPO^PMion  call.  These  dpcraiions 

initiated  actions  that  notified  the  operator  of  a  rtec^ 
for  service.  The  telephone  was  constructed  in  such  a 
J'f'^^Jl^^i  to  jijht 

at  the  switchboard,  and  replacement  of  the  handset 
9ltGomf)lcti^^        the  conversation  caused  other 
lamps  to  light  The  switchboard  supervision  of  calis 
*Svas  greatly  improvwl  by  this  development 

Now  wh^at  CKXurs  in  the  telephone  s^tem  that 
lets  you  converse  _with  your  girl  friend,  boss, 
it^o^li'cr,  or  father?  Steppmg-gpc  switchw  provide 
the^X)nnections  in  the  Strowger~ahd  XY  systems. 

The  description  of  the  connecting  proci»s  is 
going  to  take  much  Idngcc  than  the  call  that  you 
made.  When  fmished,  we  hope  that  you  understand 
yLMf  wclJ  as  you  did  your  most  recent  telephone 
conversation. 

 Sjnitein  Slnillarltjw,  Each  tclcpfc  system 

must  have  a  unit  of  equipment  which  permits 
attachment  to  the  wires  from  the  telephone.  The 
same  unit  also^  terminate  cables  from  the  central 
office  equipment  Thc  nomcnclature  for  this  unit  is 
main  distiibutiri^^^^  An  additional 

frame  that  permi^  termination  is  the  intermediate 
distributing  frame  (IDF).  In  larger  exchanges,  a 
single  frame  is  us<^  for  both  these^  frames.  It  is  the 
combined  distributing  frame  (CDF), 

The  wir«  that  connect  the  telephone  and  the 
MDF  are^-eferred  to  as  lines.  One  wire  of  a  line  is 
^JI^  :^4m  sijic  and  the  odicr  is  c^^  the  ring 
side.  Between  the  MDF  and  the  equipment  are  the 
tip  (T)t  ring  (R),  and  cqhtroi  wires.  The 
manufacturers  use  varying  abbreviations  for  these 
leads^  though.  In  common  usage  isj  -f  for  theT 
l^iA  ""Jor  M^c  R  lead;  arid  a/an  S,  HS,  or  C  for 
the  control  lead.  ^ 

_'^9s_t  telcphohc  sub«:ril^^  be  able  to 

originate  calls  as  well  as  receive  calls:  The  MDF, 
yicrcfqrc,  riiiist  have  strappirig  or  jumpering  which 
permits  this:  The  terminal  pins  that  serve  a 
subscriber's  incoming  lines  are  jumpered  to  ihe 
terminal  pins^that  connect  with  the  central  office 
outgoing  wires. 

—  :  Multiple  is  a  tcrtu  that  the  tc Icjj^oric people  iise 
for  paraliei.  Equipment  that  is  connected  together 
in  order  to  permit  a  choice  in  accessibility  must  be 
mujdplied.  Manual  switchboards  are  muldplied 
when  the  number  of  subscribers  is  exc^ive  for  one 
operator.  Conrtecdng  a^cuDrid  m^ual  switchyard 
in  parallel  with  the  occupied  switchboard  permits  a 
»5cqrid  cjperator  to  giw  assistance  in  servicing  the 
calls.  The  largst  percentage  of  muldplytng  in 
automatic  switcffing  equipment  is  done  at  the 
distributing  teritivial  assembly. 

Different  autdmatic  s^tcms  ramble ^ch  other 
* "  J ^Jl^iJ"  _^fl"_i P M^hJ  ^yxncx i b ri s^  L ine f i n d i n^ , 
selecting,  and  connecdng-equipment  is  found  in  the 
majority  of  exchanges.  Other  functions  necessary 


for  ccimpleting  each  call  inay  be  the  same  but  are 
often  assigned  a  difTefcnt  name.  Example  of  jhis 
are  the  distributing,  allotting,  0|r  guard  functions: 

The  power  requirements  for  th<^excha^^ 
pretty  well  standardized.  The  equipment  with  each 
°^^^^^f'^Tor?!^"^^^^^  rcc^uiremcrits,  but 

with  a  variation  in  methods.  Ringing  may  be 
accomplished  with  a  mechanical  ringing  generator, 
with  an  interrupter,  or  widi  an  electronic  ringing 
generator.  Large  batteries  are  used  in/  most  of  the 
central  office  for  f^^^  ^  temporarily 

providing  all  the  ciirect  current  in  an  emergency: 

Si  rice  you  are  probably  tami  liar^vjil^^nal^ 
equipment,  we  will  relate  Uji$>tliscussion  of 
automatic  switching  to  manjiaf^quipment  as  closely 
as  possible.  ^^-^""^ 

_  T^^_^_QyiP'^§*?  to   connect  two 

telephony  togeuier  automaiijally  is  kilbwri  as  a 
Uhk.  The  simptet  HnJc  is  made  up  of  a  linefinder 
conricctqr.^^T^  office 
which  contains  only  these  2  elements  serva  fewer 
than  IPQ  telephones.  The  directory  number 
assigned  to  a  telephone  of  this  sma^ll  exchange 
(switching  center  or  central  offio&>-has  two  digits. 
TTtis  link  i^n  the  systcr^^^ 

operations  as  ^qs&  the  switchboard  operator  in  a 
maniial  sjrstem.  The  autom  cqririccuon  of  the 
Unefinder  wit^  the  calling  tclcphdne  is  the 
equivalent  of  manually  inserting  the  answer  plug 
into  thc^  switchboard  line  jack.  The  ccDrinectdr  ac- 
tion complete  the  circuit  to  the  called  telephone, 
y?MsjC(3rres|»ndiri^  to  the  manual  insertion  of  the 
call  plug  jnto  the  switchlboard  line  jack  of  the  called 
telephone.  Ringing  the  caUed  party  is  automatic 
with  dial  a^uipmcnt  ^ 

tcjcphonc  exchange  that  serves  more  than 
1 00  but  less  than  1,000  lines,  a  link  consists  of  a 
iinefiridcr,  a  selector,  arid  a  connector.  In  order  that 
a  connection  may  be  completed  through  this  link,  a 
three-digit  directory  number  is  assigned  to  each 
telephone.  A  lafgc^  c^xchange,  which  uses  a. 
linefinder,  a  first  selector,  a  second  selector,  and  a 
cor^ncclbr  has  a  four-digit  assignment,  This  latter 
iink  limits  the  exchange  to  serving  10,000  lines. 

Table  3*1  is  a  comparison  betweeri  a  manual 
system  and  an  automatic  system  of  the  operations 
from  the  time  that  the  calling  party  picks  up  his 
handset  until  the  time  that  he  hari^  it  back  up. 
Should  the  caHed  line  be  busy  when  he  tries  to  use 
^*?^Jli_al_ system,  the  coriricctidri  will  not  be 
completed;  instead,  the  switch  will  operate  in  such  a 
way  that  a  busy  signal  (busy  tone)  will  be  conhcctwi 
to  the  calling  line:  This  signal  cortesfwnds  to  the 
operator's  "the  line  is  busy"  in  the  manual  sj^tem: 
^s  you  mightisiispect,  a  number  o  of  dial 

systems  have  been  developed.  E^ch  sj^tcm  has  its 
owri  advantages  and  disadvantages,  and  thc^^ 
properly  evaluated,  determine  the  type  most  suited 
to  a  particular  requirement.  All  dial  systems  are 
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cofiipatibie:  and  it  is  difficuit  to  identify  one  system  bpcrators  at  the  switchbbarti  during  sjack  times  as 

as  the  b^t.  In  the  older  step-type  system,  10  calls  during  busy  periods  is /a  if  an 

could  be  in  pw'ogrcss  simultaneousjy  in  a  lOG-rline  emergency  suddenly  incifeascs  the  traffic  load 

group;  whereas  in  the  more  modem  systcmjs,  the  during  a  Menially  slack  jpcri^^ 

trunking  percentage  ranges  tip  to  1 5  percent.  becomes  a  bottleneck  until  additional  operators  can 

Though  cost  and  economy  have  no  direct  be  brought  to  the  switchboard.  Therefore,  a  big 

bearing  on  quality  of  service,  they  must  aj&o Jt>e  advantage  of  an  automaiic  central  office  is  that 

considerwi  when  sclciiting  a  system;  For  example,  maximum  connecting  facilities  are  available  at  all 

In  large  installations,  retaining  the  same  number  of  hours. 


A  BEFORE  HANDSET  IS  PICKED  UP 


•uiB  cneuiT 
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CONtlldL 
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#  LMC  KQUt^NT 


B  AFT|R  HANDSET  IS  PICKED  UP 
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LNKC  nUWMCNT 


C  AFTER  FIRST  DIGIT  IS  DIALED 


■MAD  omrr 


LMi  UUlNiCNT 
NCLATS  URVIIIG 
CALLIMO  TtLCm«ONC 


OUAMO  CIMCUtT 

MCLAnjSfirytiiM 

_  —LIWCriNDCH*  , 

D  AFTER  SECOND  DIGIT  IS  DlAi^ED  AND 


COfJNECTION  IS  b(Sj^PLE'flb^  ijt  ^  " 


Figure  3*7.  Block.diagram  of  the  coririccfidfis  which  prdvii^e  &  telep||^fie  Hnk.^ 
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IN  fHOUP 

— —  MiNtt  ro«  flwour 

DIM.  OCMTHM.  OrnCC 


Figuro  3-8.  Telephone  linkt  connected  in  parallel. 

TKc  various  automatk;  sy^"^  provide  similar 
?^_n^cc  feature 

which  interconnection  between  telephones  is  made. 
The  two  ti^taJlic  wir^  that  connect  each  telephone 
^  the  M^nTO  office  jmy  strung^  with'  wires  on 
.-v^  crossarms  of  poles  or  they  may  be  of  the  {wirs 
in  aenal  pi:  uncfei^un^  _<#|IJ^  Ea^ii  tdephbn^ 
line  is  connected  to  line  equipment^ret^  Jn^the 
oehtral  bfOce  through  the  ME>F.  Figure  3-7,A, 
illustratei  this  (X)nne^  in  bJockTomt  The  MDF 
is  not  ^hown,  but  you  can_see  that  the  line 
coMCCtiqii  to  the  central  offi^  «iuip^mcnt^  is 
paralieied.  One  point  within  the  office  connects  to 
both  the  line  equipiheht  relays  and  the  lii^efihder. 

Remember  The  telephone  is  actually  some 
distance  from  tl^  ofTice,  but  die  equipment  within 
the  blocks  is  in  the  c^tnii  office;- 

jM^rc  3-X_B»  stows  diaL  I'^hjl  L** 
handset  operates  guard  circuit  relays  to  seize  an 
available  lihcfihder.  At  tlm  time,  al^,_  the  line 
equipment  rela^  make  th^  line  Qna\inlabie  (busy) . 
to  other  calls  while  this  telephone  is  being  used.  The 
o^rlt^  lim^mder  ex^hds  the  call  by  fusing  the 
connector  control  ^  relays  to  seize  an  available 
conh^tbr.  Dialing  a  humb«r  ^i»<^__relayv^ 
operate  and  close  or  open  gaps  between  contacts 
which,  in  turn,  result  in  establishing  proper 
electrical  conna:tibns.  Figufc  3-7,C,  picturs  this 
effect  Dialing  the  second  digit  into  bur  small 
excharige  completes  ti«  connection  between  the 
calling  and  called  telephone;  Figure  3-7,D, 
indicate  this' action.  . 

it  previously  stated  that  the  MDF  Strapping 
permits  ci^tdcph 

as  well  as  to  revive  them.  To  insure  that  this  action 
is  possible,  ail  links  are  wired  in  |»ra!lcl, Ja  ypu  cm 
»c  in  figure  3-8.  This  Ijnk  is  farther  brokw  down 
in>figure_3.9  to  show  that  the  (x>hnector$^buh^ 
ahQ  liticfindcr  term  an3  then  J^n^ 

wtm  the  iina  from  the  telephones  in  the  grc^yThe 
number  of  links  wired  in  parcel  for  p^pju^ 
determines  the  number  of  simdflBgpas 
can  be  jm|uic^On^_link  is  usecvlfe^eacr^ 
cohnecmba,  Tte  200'Pbirit  telctlHte 
parallels  2^1  links  for^ch  youp  5^K^  tim^^^ 
should  rea&ze,  then,  that  this  s^^W^fe^habi< 
calls  to      liiade  simultafi<»usiy.  ^'f^"^'        .  ^ 
connectors  are  often  referred  to  as:^^|^ped  t^^^^ 
"full-multiple,"  which  nieans  imt?£0wry  ^^-^J 
^   cpnn^&  with  every  linefinder  and  ^nrSlor. 


Fuiict i oiii  of  S wl t chlng_  EquI pincnt ;  The 

automatic  switching  equipment  in  a  dial  central 
office  performs  the  following  fuhfmqns^^^^^ 
and  disconnects  caiiitig  and  calied  parties  through 
intraoffice  and  intcrofTiqc  trunks.  To  preycht 
interference  w|th  calU  in^progms^  it  teits  all  called 
iina  to  see  if  they  are  btu^.  If  the  called  line  is  busy, 
the  automatic  switching  equipment  transmits  a  bujy 
tone  signal  to  the  calling  telephone.  If  the  called 
line  is  idle^  the  automatic  ecjuipnient  rings  the  bells 
of  the  called  telephone.  The  switching  oquipracnt 
also  provides  automatic  trunk-hunting  to  PBX 
(pnvate  branch  exchange)  liha. 

The  sv^tching  equipment  in  a  dial  central  pffice 
ojMn^tes  directly  from  the  dial  pulMSi  tran^irfiii^ed  by 
the  dial  of  the  telephone.  These  dial  puU^  are 
ihtermptiohs  pf  cuilwt  caiis^ 
opening  and  closii^  of  ^e  inspoise  springs  in  the 
dial  mechanism.  EwA  set,  or  series,  of  dial  pulses 
^n^f^?^L^LSJP_<^  <^igl^  dial^  by  the  telephone 
user  extends  a  connection  one  step  at  a  time  through 
the  switching  equipment  to  the  c^led  telephone. 

^iccdfl^  the  QUIcd  tieleptM^ne.  From  the  ^ 
information  ^ych  prcvibusl^^^  ?f<5__^l*^ 
ex^nsion  of  the  basic  switching  s)^tem  to  .serve 
more  than  1 00  but  leu  tfiah  1  ,^00  lines  requires  the 
addition  of  a  first  selector  and  a  third  digit  in  the 
direaory  number.  This  selector  is  Srcct^ 
xphiiected  to  the  lincfiiidCT's  qu  thus 
the  conn^or  follows  it  in  the  link.  Figure  ,3- Id 
shows  4  groups  of  100  telephones  (»)nhectiKl  to  the 
assdciaUajl  linefinders  and  oDnnectors.  Between 
these  tv^membera  of  the  link  are  theselcctbrs.  This 
figure  indica^  tMt  only -the  sclwJtdi^of  tlw  200 
group  is  connected  m>ali  the  conne^rs;  but 
actually,  the  selectDrsW  all  the  groups  Imve  a^^ 
to  all  wnncctdrs.  Thukv  in  tills  system,  the  first  digit 
dialed  selects  a  connector  in  a  particular 
HUNDREDS  group.  Vdujan  see  that  im^  are 
indii^ted  bat  they  are  not  shown  connected.  In  this 
illustrated  1^000- line  exchanger  there  could  be  a 
maximum  of  10  links  for  i^m  100  lins:  Asi  a 
result,  then,  there  could  be  10,  calls  mjaac 
simultamiwusly^^^^  JQO-linc  group  or  100 

simultaneous  calls  are  possible  with  the  1 ,000  lin^. 

Burihjpr  expansiotf  of  the  central  -^JfflS^  lb 
lGj5ob-line  service  rMUires  the  lise  of  a  seconds 

.0.  '  ■        -C  ■/  ■  .  ■ 
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CROUPS  OF 
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Fi|urc3  10.  Theoretical  \  ,060-^ne  syUcm. 
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15? 


UNITS 


FIRST 
SELECTOR 


SECOI^b 
^^SftEGTOR 


CONNECTOR 
Figure  3-1 1 .  Sdeaion  by  dialing  in  a  lb«OCX)-iine  system. 


«l©TOr.  The  s^hd  selectbr^cb^^ 

Hrst  selector  and  the  connectors.  The  directoiy 

nuint^  is  4lsp  given  an  additional  di^t  alignment 

Duriing  the^^lm  di^t  of  the^four-di^t  jiumber 

selects  the  proper  thousands  group  of  telephones. 

This  may  be  Men  more  re^ly  if  you  Ic^^ 

5-1  i:  This  itlostration  shows  a  10,000- line  system 

into  which  the  numl>n'  4658  has  been  dialed  by  the 

calling  telephone.  That  is^  this  number  has  been- 


^i§'^  ^t^r  the  Hhefihder  autb^^ 

the  calling  telephone  to  the  first  selector. 

When  the  digit  4  is  dialed  into  the  first  selector 
of  the  sys^m  illostrat^  in  figiyti  3-1 1_,  it  ^[ccts  the 
fourth,  thousands  group  of  the_  1 0  available.  Since 
«ach  first  ^lector  in  the  IO,Opp-lirie  s)^tem  has 
access  to  all  the  second  selectors  serving  'that 
specific  group,  dialing  the  4  causes  the  called 
telephone  to  become  I  of  1,000  telcph^ies  rather 
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than  1  of  10,000  telephone.  Each  s^nd  selector, 
in  turn,  h^  ic^^  to  all  c^nne^tqns  m  that 
particular  HUNDREDS  group;  therefore,  the 
i^Jl^  ^iU^  (J^Vcausc^  the>Dcbhd 
choose  a  connector  of  the  sixth  HUNDREDS  group 
of  1  ,(KX)  telephone.  The  called  telephone  is  now 

digits  dialed  by  the  callinqg  subscriber  operate  the 
conhcGtor,  thiis  completing  the  circuit  that  permits 
convenation  between  the  calling  and  called 
subscribers,  The  ringing  current,  which  indicates  a 
need  to  pick  up  the  <^lLc^_handse^  iSiautomaUi^lly 
applied  to  the  line  when  the  foregoing  procedure  is 
^jnpleted.  Bear  in  ipjnd  that  the  caU^  sulMcnber 
actually  complete  the  conversatioiml  ciroiir  bf 
lifting  that  telephone  handset. 

Working  badcwnd  throu^  figure  3-  i  i ,  >ibu  oin 
see  that  a  100-line  oifioe  requires  only  a  single 
cannier  poup;  a  UOOO-linc  office  re^ 
selector  group^having  i  d  connector  groups;  and  a 
\ ^tppp- line  bfTicc  requires  10  selector  groups,  each 
ha\^ig  id  connector  groups. 


Exercises  (215): 

Pi^t_?*ch  manual  or  automatic  telephone  *  system 
equipment  ftinction  listed  below,  state  how  the 
same  or  equivalent  function  is  accomplished  by  the* 
other  s>^tem. 

1.  A  common  battery  subscribcf  in  a  manual 
sym^n  JiCis  the  handset  of  his  telephone  from 
the  cradle. 


2.  Tfie  selector(s)  and  connector  step  in  response 
to  dial  pulses. 


^-  Th^  f^ohs  of  the  0nnec^  prior 
to  returning  busy  or  ring  back  tone. 

4.  The  subscriber  rerings\he ^ogfrator. 
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CHAPTER  4 


t^tophone  Switching  Systems  installation 


A 


WHO  INSTALLS  the  central  offia:  wjuipmcht? 
According  to_  AFM  39- 1  /  airmen  with  AFSGs 
3625 1  and  3627]  jrliis^  ^instal I  and  mai ntairi 
telephone  switcidi^  equipment  Lt  is  evident;  then; 
that  the  telephone  switching  equipment 
refSNUrmanyu^hnician  WMy  be  sailed  to  the  job  of 
installing  central  office  equipment 


21<S.  List  the  parts  of  a  CjE  fcbeine  jMu:Ej^e, 
describe  the  iaformadoa  coatatncd  in  each  part, 
and  interpret  selected  porifdni. 

/  _ 

A  rT|ijor  cominand  Ihust  orij^nate  the  request  for 

base  asking  through  the  major  command.  The 


When  telephdhc  swhchiniL^"IPf^cSt  is      command  originates       request  by  submitting  a 


installed;  certain  basic  principles  mu^t  be  fblldwed 
it^M  aJ^  to  pbt|uri  the  best  po^i^^pb.  T\ic  fiTst 
of  thee  principta  is  to  start  with  a  ODmptete,  well- 
ordered  plan  for  the  total  job.  A  poorly  planned, 
hastily  li^mll^  exchange  nay  become  a  cansmnt 
source  of  trouble.  A  weil-pianned«  orderly 
Ihsialjatibn  is  usually  planned  by  qua^lificd 
engineen.  After  tlie  plan  has  been  completed,  it  is 
given  to  the  in^ptfitidn  personnel  in  the  form  of  a 
C-E  scheme:  , 

4^1.  liistallriHtNi  Sehemef 


The  telepilDne  exchange  at  Somewhere  AFB  is 
op^[^^*"8         t^^S^J^PJA^^^^''^  capacity  {1  »000 


CEIF  (CommunicatJ  on  s  Electron  i  c  s 
Implementation  Plan).  £1  (Elohrojnic  installations) 
^  IMTD  LS  ^_  _  Al^  c_  ic  c  h  n  i  ca  1  ad  y  [c  e  arid  p  re- 
engineering  assistance  required  to  prepare  a  CEIP. 
A  _PM  (Program  Manager)  from  the  requesting 
command  is  then  appointed  to  act  as  coordinator 
between  EI  arid  the  brigiriating  command.  The 
CEIP  is  then  pre^red  with  the  aid  of  pi  an  hi  rig  arid 
programming  directives,  technical  manuals;  and 
other  pertirierit  ddciiriierits. 

After  the  CEfP  hS  been  prepared,  EI  _ will 
indicate  its  agreement  or  disagreemerit  on  a  CEIP 
coordination  sheet  Headquarters  USAF  will  then 
approve  or  disapprove  the  CEiP.  They  could  also 
Approve  drily  j«rt  j3^  the  CEIP  ]s 


Lin«)  and  *iJ^  sul»cribcrs  are  approved,  a  Sit*  Survey  must  be  made  by  EI,  After 

^r  dial  ior^^;io.I0mmutcs).  Impossible  you  say?      ^I  makes  itS%ecommendations,  a  Facility 
No,  It  ha|>pens  every  now  and  apin;  normally 
through  p6dr  planning  or  rfipid  changes  brought 
about  by  iHf^^i^ed  everitSv{l^^y  brie 
is  obvious^  something  must  beptpne  to  correct  the 


pro b  1  erri .  ^A  scheme  expaiSf^^g  the  te lep ho ne 
exchange  would  iolve  the  probti^rn^' 

The  requirement  for  a  scheme^Say  be  for  one  or 
more  of  the  following  reasons: 

M^ijllMona^A  telephone'  exchange  is 
He  first  time  with  new  oqaipmcnt. 
ions— Additional  equipmcrii  is 
ing  insidc^^  and/or  outside  plkrit 

—       -  *  -    ■  ''ff 

9S~Thc  did  system  riccdji  ricv^' 

lent,  or  a  general  overhaul;  ' 

iS^Witioft^Ari  exchange    lo  be  rhdy^  to 

(5)  RerW)V|l->— An  exchange  is  lo  be  t^l^ 
due  to  pp  ^rthejf  use. 


Utilizadon  Board  (FTJB),  composed  of  members  of 
all  concerned  organizations,  must  approve  the  site 
survey. 

Within  30  days  after  the  PUB  meeting,  E!  must 
submit  a  site  concurrent;  letter.  This  letter  shows 
that  everybody  hfis  agreed  on  the  site  and  that  the 
PriginaUrig  cdriiriia^^^^  furnish  support 

structures  and  allied  support  to  EI.  When  the  Site 
Concurrence  Letter  reaches  base  level,  the  base 
commander  prepares  a  forwarding  indorsement 
that  will  stat/c.what  specific  action  is  being  taken  to 
provide  the  sup^wrt  i^uircnicrit.  In  some  cas«,  EI 
^tnight/havc.  t^  pFpvidc  ai!  or  some  of  the  support 
reqaiirrifejits^life^  must  be  stated  in  the 

site  c^ncwetzCe  i^tcs^lbid      reasons  given  why  EI 

iib^iSSjf^ine  the  budgetary 
JFJ  C  will  budget  for 


must  E«r^ 


'.A 


•J 


retired  to  install  and 
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TAB  A 

SCHEME  eevER 
GENERAL  INFORMATION  SECTION 
GONSOUDATED  USt  OF  MATERIALS 


TABB 

IMPLEMENTATION  AND  INSTALLATION  OR  REMOVaC 
INSTRUCTIONS  IN  SOW  FORMAT 


DRAWINGS 


APPLICABLE  SUPPORT  DOCUMENTS 


maintain  authori^^  C-E-M  facilities.  The  major 
cbmmahds  will  budget  for  the  supporting  structures 
and  ra[i  estate.  ' 

After  this  procedure  has  been  follow^,  EI  will  now 
this  d etai led  j>lah  n  i  rig  and  wri  tc  the  C-  E -  M 
schema:  Pieasc  realize  that  the  outiine  given  you  here 
is  the  proc^ure  necessary  to  turn  a  Ixase  requirement 
iritq  a  C-E  S:hiOTc.       

Aii  C-E  schemes  are  pref^ed  using  a  similar 
fprinat^  ^whether  accomplished  by  Headquarters 
AFCS;^!  of  by  the  appropriate  fcgiqri^  Most  *chem« 
are  made  up  by  the  EI  region  having  authority  over  the 
area  where  the  job  4S  located.  SchemjK  will  be 
pfepaJ^  for  all  tyjKs  of  wdf^  ori  C-E  faciliUcs» 
whether  it  is  a  new  instaiiation  or  any  kind  of  changes 
or  repairs  to  existing  plant.  These  schem^  are  actually 
dttailcd  spccificatio^^^  telling  the  W^/^T.  WHERE, 
wHO,  \md  HOW  of  installing  ground  electronic 
equipm6nt. 

A_C-E  ^heme  is  divided  into  two  main  parts  as 
shown  in  figure  4-1.  ^ 

Tab  A,  logi$tics,  consists  of  the  following  (hree 
parts:  ^ 


HFA083 

Figure  4- 1 :  C-E  icHeme  table  olf  contents. 

"^■^.^  _    _ 

( 1 )  SchWie  cover.  This  is  AFCS  Form  I .  It  is  used 
as  the  front  cover  and  al^^  a  blank  pagefor  the  back 
cover  and  binds  the  scheme  together.  AFGS  Form  i 
will  include  the  scheme  designer,  base  or  station  name, 
AFCS  agency  preparing  the  scheme,  project  engineer, 
and  releasing  engineer*s  signature. 


(2)  General  information  section.  This  section 
consists  of  documeiitatibh;  authorizing  the  scheme, 
aiitorjzaiiqn  fof  OTcrgen  a  copy  <}f  any 

correspondence,  message,  or  records  of  telephone  calls 
rd&ultirig  from  ccNordination  with  the  base,  station,  or 
command  relatihg  to  allied  construction,  and  copies  of 
SGL  (site  concurrence  letteri  or  SRL  (support 
requirement  letter)  and  support  dociiriierits. 

_  Q )  Cdrisolidatcd  list  of  materials  (CLM  )•  The  list  of 
materials  will  be^engineered  in  accordance  with  the 
applicable  standard  drawings,  supplemented  by 
current  SPELnelcphone  Material  List  (STML)  and 
the  AFGS  Illustrated  Gatalog.  The  GLM  will  contain 
only  those  major  and  minor  items  necessary  to  install  a 
singlo  facility  or  portion  thereof,  as  required  in  the 
authorizing  ^program  document. 


/  ^/  y 

Tab  B,  scheme  tcciyiicai  information,  consists  of 
the  following  three  parts: 

^  (I )  Statement  of  work.  The  statement  of  work  miist 
include  or  refer  to  all  inforjnation  nex:e^^  to 
implement  the  scheme,  test  the  facility  and  prbvidcjhe 
user  with  interim  **as  installed"  records.  The 
information  will  be  in  the  form  of  dct^ 
A  and  make  specific  reference  to  appjicabie  technical 
orders,  manuals,*  installation  standards,,  test 
prcicedures,  etc.  _M_a»mum  u^  wiU  be  m^^ 
installation  smndards.  The  engineer  must  not  assume 
the  installation  team  will  not  be  able  to  install  the 

schiOTe  without  detailed  Juic^    

(2)  Drawing:  Drawing  includcjketches,  drawings, 
maps,  and  circuit  diagrams,  as  needed,  to  permit  full 
understaiidihg  of  the  ^hme^  Use  dra^ 
narrative  to  the  maximum  extent  possible  to  convey 
information  since  they  areinprc  r^ily  adaptayblc  for 
use  in  plant- iri-frtacc  rcooi^  (PIP  Classifi ed 
drawings  are  distributed  under  separate  cover  when 
necessary  to_  maintain  the  unclassified  status  of  the 

remainder  of  the  scheme.     ^  __ 

_  (i)  ^uppprtings  documents.  Docum^tation 
considered  to  be  of  assistance  but  not  essential  for 
conipletiph  of  the  inst|Ulation.  Copi^^ 
liirnisbird  or  made  available  to  the  installers  and  be 
clearly  marked  "For  Information  Only." 


Exercises  (2i6):  ^ 

Complete  the  following  about  C-E  schemia. 
I.  List  the  two  main  parts  of  a  C-E  scheme: 


2.  Describe  the  information  contained  in  the  first 
part  of  a  C-E  scheme. 


3.  Describe  the  i^nformation  conuincd  in  the  last  part 
of  a  C-E  scheme. 


4.  Where  is  the  C-E  scheme  in  figure  . 4-2  to  be 
performed? 


5.  How  many  digits  will  the  directory  numbers 
contain  in  the  scheme  in  figure  4-2? 


■6^What  numbe^^  be  dialed  tor  the  services 
jf^.'       shown  in  figure  4-2?  . 


72 


SCHEMT  NO,_ea6iA7D-Jl-VN_VP. 

2Z0000J0-W-22^2I-  18 

PART  A 

PARAGRAPHS  A- 1  to  A- 3 
PACE  Z 


_EAJB.T  A 
CENERAI. 


A>2. 


AO. 


This  •pf  cUication  covert  the  inctAlUtion  ol  an  iaitUl  tOO>Linc 
AU-Ralay  200. point  Dial  Central  Office  and  a««ociat«d  Manual 
•quipmant  for_  the  J>a«c  adminictrativc  telephone  •/•tcm  at 
H«nil«y  Air  Force  Ba«c. 


r 


Summary  of  £quiprh«nt 

Line  Equipment 

Linefinders,  in  groups  of  12 
linefindert  per  _200_line 
equipmifit  and  8  lihefihdcrs 

per  linclirideir-cohhector 
unit. 

Conne^torj^        f ''^^P' 5>i  ^ 
connector •  per  linefinder- 
connector  unit  and  12  ' 
connectprs  and  20  out-dial 
tfunki  to  connectors  per 
connector  unit 


Present 

600 


60 


A-22.  The  etatiori  telephone, huin&er s  lor  directory  listing  wiDcohilst 
oi  five  digits,  witiT  fhree  digit  group  eelectibh  and  two  digit  line 
selection.  For  example:  for  line  99  of  the  22100  group.  Dial 
"22199" 

A-23.    The  following  numbers,  are  available  for  assignment 

INDIVIDUAl-  CROUPS  TRUNK  HDNTINC(PBX)  CROUPS 

221Q0. 22199  V  22200.22299  2100-21199 
23100-23199  «i  232Q0-23299 
24100-24199  l<  24200-24299 


A-24. 


The  following  number  s  ;eKaII  be  dialed  for  the  se rvicc  indicated: 


NO, 

..QM 

"9" 
"1 17" 
"118' 


SERVICE 

In/ormAtion. 

City  (unrestricted) 

Fire 

Wire  Chie/ 


9 


Figure  4-2    An  eximple  of  a  poriion  of  a  C-E  ichcmc  (objective  216.  exercis^  4.5.  and  6) 
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^^17.  Siite  why  C-E  scheme  picEif>f  ire  Jra 
^^I'iof  to  stirtinff^fforfc;,  idso  the  method  used  to  insure 
efficiency  and  economy  of  instaJlitioh. 


A  C-E  scheme,  as  you  have  seen  in  the  preceding 
text,  looks  at  cvejythirig  and  provides  all  the  answers 
before  the  installation  tram  can  ask  the  questions.  Be 
that  a^it  may.  the  best  laid  plans  of  mice  and  mep4>fteh 

go  astray^  

There  are  some  things  that  are  best  looked  into  by 

the  installation  team  when  they  juiive  at  the  site.  

If  there  is  to  be  a  miniraam  of  interruptions  during 
the  installation,  the  planning  has  to  include  an 
understanding  and  an  agreement  between  su^iyisors 
who  have  control  of  the  facilities  which  must  be 
available  at  specific  times.  Included  among  the 
agencies  with  whom  o^rigUtation  is  the 
building  preparation  teamu  the  utilities  company,  the 
outside  piaiit  organization,  and  the  base  materiel  unit. 
The  construction  9J"_r_cpainng  a^^^ 
building  in  condition  before  any  installation  is 
attempted^  ^^^^^  the  cquipmcht  cannot  be  disturbed 
after  it  ig{i^j^cc.  Also.  dust,  sjtldkc.  and  moisture 
>  a  minimum  in  a  central  office;  thus,  no 
fould  provide  these  elements  is  4 c)  be 
pcrgMajTilr  the  equipment  is  installed:  The  utilities 
firm^w^pive  AC  power  connected  into  the  building 
and  an  irtipfe  humhRir  of  cbhvcment  qutlcts  ijl  working 
order  Tht  overhead  lighting  must  mccL_  the 
specifications  established  for*  all  central  offices. 
Vehtilatir^.  ,air<bhditionin^g|||K^^  heat  must  also  be 
provided  prior  to  beginninj^'^thfr  iits^^Ulation.  The 


hp  ^abjc  vault 
ht  magnet 
?j5j  tlcaiSng 
ts3Hd  dtRcr 


outside  plant  personnel  slipiji#h 
cbrjliructcd  w6  the  cablinf  In 
section  will  have  to  get  totf^ls.  w 
equipment,  shop  shelving,  filing 
necessary  building  furtilshings: 

By  checking  the  tasks  to  be  done  and  the  order  in 
which,  they  must  be  done,  ajainst  the  prerequisites 
discassedjibbvc,  you  may  Wid  that  you  do  not  have  to 
wait  as  fcfigiis  you  thought  in  order  to  start  the  job. 
type  of  careful  study  my'  save  your  team  time  and 
cifoff:  by  allowing  you  to  do  certain  portions  of  the 
installatioj/  prffir  to  ^fomplction  of  work  by  civil 
engin<^^f^or  some  othtr  agency: 

Excises  (217):  j  /-^ 

I,  Why  should  schemesyfee  inspected  prior  to  the  start 
of  the  work?  / 


^  2   What  method  IS  used,  while  inspecting  the  scheme, 
to  insure  efficiency  and  economy  of  installation? 


""4-2.  Equipment  Placement  and  SecunnK 

This  pari  of  the  teM  describes  the  prepardtidn  of 
central  office  floor  plans.  We  wiil  discuss  the  factors 
which  determine  the  positioning  and  securing  of 
equipment.  The  engineer  must  consider  the  following 
in  preparing  a  floor  plan: 

( 1 )  The  relative  placement  oT  equipment  units 
should  allow  for  the  shortest  possible  cable  runs. 

(2)  Allow  for  expansion  of  the  office  without 
rca  r  ra  nge  men  t,  of  eq  u  iplmc  n  t  b  r  i  htc  f  f  Upti  on  s  i  h  service 
when  equipmeojp  is  added  and  cut  over. 

(3)  Space  should  be  allotted  for  future  equipment  in 
each  line  up  so  that  equipment  will  be  grouped  with  its 
own  type. 

(4)  Adequate  clearance  must  be  provided  oh  cable 
racks  for  preserit  future  cables: 

218.  Explain  how  reference  lines  ire  established. 

When  the  fibbr  plan  drawing  is  complete  it  will  show 
the  exact  placement  of  all  equipment.  Brass  markers, 
known  as  floor  markers,  should  be  located  and 
fastened  in  place ^t  the  time  the  building  is  constructed. 
The  markers  provide  a  two-way  alignment  for 
providing  the  installer  with  a  positive  means  fbr 
locatmg  the  equipment. 

Where  floor  markers  exist,  reference  lines  shall  be 
established  to  intersect  at  ri^ht  angles  at_ the  p 
where  the  markers  are  located  These  reference  lines 
arc  designated  "A-A"  and  "B-B." 

However,  if  floor  markers  do  not  exist,  the  instaUer 
may  establishLa  reference  line  parallei  to' the  longest 
unbroken  wail  of  ah  equipment  robm.  All_bthc^ 
mcasurcmcnts  for  equipment  layout  markings  are 
made  from  the  reference  line.  Measurcrncnts^i^kcn 
from  random  points  albjig  the  sarne  or  diffcrchl  walls 
within  a  room  will  vary  to  such  a  degree  that  the 
equipment  wiil  not  line  up  properly. 

The  reference  lines  shbuld  be  placed  on  the  Hoor 
with  a  chalkiine  aligned  at  the  centers  of  reference 
plugs.  Where  reference  plugs  are  not  provided^  the  line 
may  be  laid  parallel  with  the  wall  by  either  of  two 
methods. 


Level  and  Square  Method.  Place  the  square  upright 
on  the  floor  with  the  longerside  parallel  to  the  wall  and 
butt  the  end  of  the  shorter  side  ajainst  the  wall.  Lay  the 
level  along  the  side  as  shown  in  figure  4- 3 A  and  shift 
the  square  until  it  is  plumb,  but  still  in  contact  with 
both  the  wall  and  fibbr.  Ma*^c  a  sui^  at  the 

point  of  contact  between  the  floor  and  bottom  of  the 
inner  edge  of  the  square.  All  marks  made  in  this 
manner  will  be  14  inches  from  the  wall: 

'Plumb  Bob  Method.  Place  the  longer  side  of  a 
square  against  the  wall  approximately  3  feet  abbvc 
floor  level.  Plumb  the  square  with  a  level  as  shown  in 
figure  4-3B.  Drop  a  plumb  line  from  the  short  side  of' 
the  square  as  illustrated,  and  mark  thi.s  pbint  bji  the 
{loot.  Be  certain  that  the  plumb  bob  is  hung  from  the 
same  point  of  the  square  for  each  succeeding 
operation. 
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j^^orm  the  rriarkihg  bj)eratiqris  in  ar  three 
l^^tions,  one  near  each  end  of  the  wall  and  the  third 
licar  the  center.  The  more  locations  marked,  the  better 
will      the  chance  of  dct«:tiiig  dcv[ations  in  the  wall^ 
After  the;  :  points  have  been  marked,  stretch  a 
chalkline  to  intersect  tlwji  and  snap  the  line  on  the 
floor.  When  the  rcfcrcn(KS  points  arc  not  directly  in 
vfijie  xltie  to  variations  iathe  wail  structure,  locate  the 
^ctalUihe  to  intellect  the  Jrc^  points. 
Including  those  at  cither  end,  whtcc  possible 

b*se  line  IS  one  upon  which  the  cq^uipm^ht  is 
il^T^tly,  aligned.  U  may  be  placed  rear, 
side  or  Bs  a  cemcrline  for  the  jC^oipment.  The 
centeHitfe  is' usually  indicated  by  G  oh  floor  plan 
di^wings.;^yM^^^^  rcqujred  to  bCjaid  cither 

parallel  or  ^t^ienllicuiar  fto  -^tfje,  reference  lines. 
Meihods  of  accomplishing  this  a^c  thoroughly  covered 
in  TO  31-10-9. 

Exercises  (218): 

I.  When  floor  markers  exist,  how  are  reference  lines 
established? 


2  When  floor  markers  do  not  exist,  how  are  reference 
lines  established? 


2f9.  List  the  steps  for  iayin{>  oat  floor  angles.  ^ 

Floor  angles  for  switchirit^cquipm^  frames  are 
furnished  in  the  required  lenpins.  The%ounting  holes 
in  floor  angles  arc  predrillec}  The  simplest  method  of 


CBF-205B 


( 

Kigurc  4  ;^H  f*lumh  huh  mclhod 


marking  of  the  mounting  holes  centerline  is  to  place  the 
floor  angles  oh  their  vertical  face  lines  and  mark  the 
floor  at  the  mounting  ioles  (sec  fig: 

The  procedure  for  installing  floor  anj;les  is  to  drill 
the  holes  in  the  concrete  floor  iii  the  designated 
locations  as  follows: 

(1)  Use  ah  electric  drill  or  st«r4rilland^ammcFT-^ — 
siirc  to  Use  a  dt^  iPojD^  suitable  for  concrete. 
WARNING!   Aiways  wear  goggles  when  driUing 
con  crete  J  O  prqlM  

(2)  If  the  hole  is  more  than  y%  inch  diameter,  drill  a 
pilot  hole  with  a  !/i  inch  drill.  Use  a  drill  of  proper 
diamieter  to  obtain  the  final  size  of  the  hole.  The  pilot 


>  P 


_fc  ^  


UK  OF  LAG  SCR£W  WITH  ANCHOR 


FLAT  WASHER  SOMETtMCS  USED 
WITH  BEVELED  WASHER 


6 

USE  OF  LAG  SCREW  WITHOUT  ANCHOR 

-—LEGEND 


SETTING  TOOL 


USE  OF  BEVELED  WAS»CR 


POWDER-DRIVEN  STUD 


I -LAG  SCREW 

2 -  WASHER 

3 -  STEEL  PLAJE 
4  -LINOLEUM 

5-  WOOD 

6-  CONCRETE 


HEX  HO^ 
BOLT 


HEX  HD  BOLT  OR  RD  HD 
MACHINE  SCREW 

LEAD  SLEEVE  ^ 


CENTER  CONE 
DRILLEQHOLE 


THREADED 
NUT 


6 

EXPANSION  ANCHOR  REQUIRING  SETTING  TOOL 

-  -  -  -     -        _  -  .        -  -    '    .     -  / 

Figure  4-4.  Ro<>r  fastenihf  deVicei  applial  lb  varibiu  Hoor  materials. 


EXPANSION  ANCHOR  NOT 
REQUIRING  SETTING  TOOL 
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Holes  prcychi  the  drill  Irom  **drililirig"  Irom  the  hole 
ivntcrs;  The  ien^ilh  nl  ihe  hotcNhoiiid  be  Va  inch  deeper 
than  ihc  si/c  tii  the  lastening  device  it  accnmniodates: 
li)  other  words,  il  the  fastehihg  dcvitx'  is  I'/?  inches 
Icing,  drill  t  he  hole  1 54  ipches  deep . 

(.1)  t^Hc  a  vacujum  cleaner  to  clean  out  the  concrete 
du|iduH'ng  ^nd  immediately  after  drilling  process. 

ilolcs        be  drilled  in  wood  floors  with  cither 
hand  operated  or  electricaily  driven  tools. 

(5J  Ihscr!  thelastehihg  devices  (expansion  anchors 
or  shields)  if  they  are  to  be  iiscd  before  installing  the 
floor  angles.  Figure  4-4  illustrates  a  variety  of  anchor 
methods  in  different  types  of  floors. 

(6>  Place  the  floor  angles  on  the  vertical  face  lines 
and  fasten  each  floor  angle  loosely  in  position  until  an 
entire  line  has  been  laid  biit. 

Stretch  a,  piece  of  string  across  the  vcrtis»J  faocs  of 
to  p'l^KIo*'  R^ofi^^'All^hment.  Tight c^^ 
screws  or  bolts  on!£..^m^r  perfect  alignment  and 
levclncss  arc  ohserve^/To  build  up  the  floor  angle  at 
low  level  arca.s.  ii«Hi|jht  metal  .shims  the  width  of  the 
jloor  angles  least  4  inchcK  long:  To  level  off  high 

spots,  cut  oiii  as  much  linoleum  as  is  necessary  under 
!K^_fl**'_*''A^lc.  It  m4y  be  necessary  to  chip  thc^ concrete 
floor  to  achieve  desired  leveling.  Also,  remember  each 
row  of  floor  angles. must  be  level  with  each  other. 

Exercises  (219):  — 

i:  State,  in  proper  order,  the  steps  for  installing  floor 
angles. 


2.  What  hardware  is  required  to  connect  a  small  cable 
rack  to  a  large  one? 


3.  What  standard  lengths  does  cable  rack  Cj^>me  in? 


4.  What  standard  width  docs  cable  rack  come  in'.' 


220.  List  the  steps  for  jhstmllihg  ladder-type  cable  rack 
for  specified  situations. 

Cable  runways  are  used  to  support  the  wires  and 
cables  that  connect  the  jxjuipmcnt  in  your  central 
office.  You  tend  to  take  cable  raclw  for  granted,  as  well 
as  the  rest  of  the  equipment  that  make  up  your 
exchange.  At  this  time  we  cover  the  basic  procedure  for 
installiii£  cable  rack.    

Placement  and  Supports.  Cable  racks  are  installed 
where  the  cable  rack  assembly  drawing  shows  that  they 
arc  supposed  to  be  instajl«l^ The  floor  drawing  shows 
the  location  and  the  length  of  each  of.  the  cable  racks. 
Before  ydii  can  install  cable  rack,  all  of  the  fl'ames.  wall 
angles.  and_permanent  bracing  must  be  installed,  and 
should  be  level  and  plumb.  After  all.  cable  rack  is  not 
supported  by  sky  hooks,  although  ceiling  hangers 
CO  me  cl  d  is«.  _      ■  L  : 

After  checking  the  cable  rack  assembly  drawing  for 
the  Ibcatiph.  check  the  cable  rick  furnished  for  thcjob 
against  the  Job  drawing  to  determine  the  most 
economical  use  of  the  rack. 

Installation  Pnoccdufe^^  fli^st  thing  yoU;must^o 
is  to  select  cable  rack  of  the  proper  width.  In  tech 
school  you  were  taught  that  cable  rack  comes  in  jive 
widths;  6.  9.  12.  18.  and  22  inches  in  width  and  in 
standard     lengtllJh   of    5    and     10    feet.  This 
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B0LT(P-75613-2 
IUT(P-756i5) 


CORNER  CLAMP  (P-75614) 


SIDE  VIEW  A 


SPACING- 1/8  IN.  MAX 
UtrINGERUS  REOUIREd 

CABtE  RACK 


SEE  SIDE  VIEW  A 


CABLE  RACK 


sraaNG-    ^SEE  sroE  view  b 

t/8  IN:  MAX 


CLAMP 


•  

INUT(P-756I5) 


SIDE  VIEW  B 

Figure  4-5.  Clamping  imaller  rack  to  larger  rack. 

4f 


information  is  foand  in  the  cable  rack  asserqbly 
drawing. 

Oiioc  you  have  a  length  of  cable  raclc^u  place  it 
on  top  of  the  channel  bracing  and  secure  it  using  J 
^^^iJcUmlp  plate, 

The  ^ext  step  is  to  place  another  section  of  cable 
rack  bn*top  of  the  channel  bracing  and  join  it  to  the 
preying  sc^on  Qsjng  straight  clamps,  hu^,  _ai 
bolts.  Secure  the  second  section,  to  the  channel 
gracing  with  J  bblU  a^q^^  This 
continues  until  the  cable  run,  as  shown  in  the 
drawing,  is  complete.  You  must  be  sure  that  the 
cable  run  is  level  over  its  entire  length. 

When  ateblc  rack  must  branch  kway  from  the 
"^a i  n  cabl e  rack  m n  you  m us i  sc Itet  the  proper 
width  and  length  cable  rack.  Comer  clamps  are 


"^  J^^  joi"Jh<^^  fhain  run. 

The  procedure  for  installing  the  branch  cabAe  rack 
is  the  same  as  that  used  on  the  main  cable  rack  run. 

^hcri  you  must  cha^  in  a 

given  run,  you_use  comer  clamps  and  stringers  or 
side  bars,  see  figure  4-5. 

If  you  encounter  a  situation  where  pjf*s  or 
iling  construction  get  in  the  way  of  a  cable  ran, 
you  use  an  offset  arrahjemeht  which  allows  you  to 
lower  the  height,  when  branching  out  to  another 
equipment  row,  acrc«s  an  open  space  when  channci 
bracing  is  not  used  to  support  the  cable  rack.  The 
Ay  clamps,  nuts,  bolts,  and^c  proper  short  lengths 
of  cable  rack  arc  us6d  to  do  this. 

It  should  be  obvious  that  no  one  standard 
procedure  holds  tme  when  installing  cable  rack. 
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This  much,  however,  does  hol^trdp:  You  use  the 
cable  rack  assembly  drawling  which  sAOws  where  the 
alible  rack  runs  are  to  be  [nstalle^;  if  also  indicates 
the  width  of  the  cable  rack  to  use  jtml  the  length  of 

i*^  <:able  run.    - 

When  ctiannel  bracing  is  used  to  sapport  the 
cable  rack,  J  bolts  are  mcd  to  secure  the  cable  rack 
to  tte  channc^^  StraJght  cisung  are  uiw^  t^ 

connect  l^^gths  of  equal  width  cable  rack  together: 
Qpn?^  <^l#ni(»  are  u^  to  connect  the  cable  rack, 
for  branch  cable  _runs  or  tuns,  to  the  main  cable 
rack  rxih.  An  offset  arrangement  is  ixscd  to  lower  or 

^^^iS^^^/A^^l*'^^  to 
ceiling  coratructioii  or  obstructions  such  as  pipes  or 
conduit  in  the  path  of  the  cable  nih. 

Tech  Order  31-1 0-6,  QxNe  Racks,  TrvugHs,  and 
Their  Support,  outlines  the  various  procedures  used 
for  p^rticiilar  sitiiations  instruddons  on  how  to 
do  iv  This  should  be  used  any  time  you  have  to 
install  cable  rack. 

£xerci2M»  (220): 

B^J^  J?*  h^^tiyc  bciqw,  and  then  answer '  the 
questions  about  cable  rack  installation i 

Xwelvc-^inch  wide,  ladder-type  cable  rack  is  to'  be 
instaiied  above  foor  selector  bays  with  a^ble  rack 
connection  at  one  end.  Selector  bays  lOl]  and  102 
arc  on  the  opposite  side  of  die jiislc  from  bays  103 
and  1 04.  The  total  length  of  each  run  is  30  feet  long 
and  the  aisle  is  4^^rt  wide. 

I .  What  is  the  frffl  step  you  will  take? 


2.  What  is  the  second  step  (bays  101  and  102)? 


3.  What  actions  follow  the  second  step  in  bays 
101  and  102? 


4.  What  is  done  when  the  cable  rack  above  bays 
101  and  102  is  complete? 


5.  What  is  the  next  step  once  the  cable  rack 
installation  above  the  four  selector  bays  is 
complete? 


less  of  size  or  whether  it  is  the  original  installation 
or  ah  addition,  should  be  planried  well  in  advance 
of  the  cabling  operation.  The  plan  may  be  outlined 
in  the  specification  or  may  be  completely  drawn  up 
on  thclob.  The  planned  cable  route  need  not  be  the 
shortst  distance  between  two  piecs  of  equipment, 
t^t  stiould  be  planned  to  limit  pileup,  minimize 
cH^ssovers,  and  present  a  good  appearance. 

Gjtttt  a  statement  6m 
of  cable,  state  the  order  and  method  of  mniiln^ 
the  cables  and  the  tiei  and  stitches  to  be  toed  at 
specified  locations. 

Statiori  ground  arid  power  cables  have  rubber 
covering  over  stranded  or  solid  copper  conductors. 
Power  cables  can  be  lead  covered.  Station  ground 
cabl^  are  uscd  jd  prdyide  a  main  point  of  DC 
return  for  a  central  office  white  the  power  is  on: 

Switchboard  cable  consists  of  several  conductors 
bound  into  one  orjuore  groun^  which  are  dsvcnwJ 
with  a  common  sheath.  The  sheath  may  bc/of  either 
fabric  or  plastic.  Tlic  commori_sh«ith  or  covering 
offers  protection  to  die  conductors  and  keeps  out 
excessive  dirt  or  riioisture.  The  term  switchboard 
was  originally  applied  to  its  principal  use  and  has 
been  retained,  aithpugh  the  applicadon  of  the  ca- 
bles has  been  greatly  expanded. 

Paired  wires  or  Jumper  wires  are  insulated 
conductors  twisted  together  whhout  a  sheath  or 
outer  covering.  These  wires  are  us&l  to  make 
miscellaneous  or  temporary  runs  between 
cx[uipmcnt.   __  A 

Running  a  cabl^  is  placing  it  on  a  cable  rack  or 
'^]^cr  support  frdrii  brie  termiriadori  poirit  to 
another: 

•  There  are  six  different  types  of  cables  in  present 
use  and  these  cables  miist  be  placed  on  the  cable 
rack  in  a  specified  order: 

Sequence  Cabie  Type 


Station.  Ground  Cables .  - 
PbwcrXablcaria  BX.  BXL.  ctcr 
Lead  Covered  Cable 
switchboard  Cable 
Coaxiai  Cable 

Miscellaneous  Small  Cables 
and  Wires 


4-3«  Central  Office  Cable  InsliiJIaiioii 

The  cable  routing  for  every  installation,  regarti- 


You  will  seldom,  if  ever,  find  all  the  types  of 
cable  iri  bt^  excharigey  but  the  run ni rig  order  is 
maintainedSpie  purpose  of  having  a  running  order 
is  to  insure  It^t  the  heavier  and  sturdier  cables  are 
kept  on  the  lower  levels  father  than  pilcd^ori  lighter, 
more  fragile  cables.  The  permissible  height  to 
^l^i^Ji  jaycnS  of  c^  piled  on  pable  racks, 

troughs,  or  tra>^.  is  generally  considered  to  be  a 
distarice  equal  to  the  width  of  the  runway,  but  not  to 
exceed  12  inches.  The  height  of  the  layers  of  cable 
is. shown  in  the  installation  scheme. 

Some  i  terns  to  be  considered  when  planning 
cable  runs  are  as  follows: 
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(U  NjOTbcr  of  irables  to  be  run. 

(2)  Types;  codes;  siz«,  shapes,  and  lengths  of 
cables. 

(3)  Lo«tion  of  brcakoff  points  of  cables  from 
racks  to  cquipmenL 

_(^)  AlIoH^cc  for  the  placement  of  additional 
cables  on  future  jol». 

(5)  Intersections  and  junctions  of  cable  rack. 

Fricpiritibn.  Before  starting  to  run  cable, 
insjxxt  tlS5  ^blc  rtinwajs  for  nwt  of  scratch 
Remove  the  rust  iuid  touch  up  the  framework  with 
matching  iniamel.  Place  personnel  at  all  behdsj' 
turns,  and 'poifiB  of  oonm^  to  guide  the  c^le  and 
prevent  the  sheathing  on  the  ^ble  firon^  being 


Unless  all  safcQ^  precautions  and  fMiactices  are 
strictly  folio w^,  running  cables  pnse^ih^^^  to 
L^*  *5P^P^^"^'  aiid^b[e.  TT^JgUdwing 
general  practice!  will  aid  in  minimizinmMMids  as 

well  M  cxpcdiUng  tte  ro^   

(1)  bo  not  leave  cable  reels  unattended  while 
cable  is  being  run. 

li^i  only  as  many  cables  as  can  be  handled 
'  conveniently  at  one  time. 

(3)  /Locate  reels  in  a  manner  which  prevents 
ab\Gi  fironi  nibbing  on  adjacent  rRls  or  sonds. 

(4)  To  k©ep  waste  to  a  ^minimum,  check  the 
length  of  the  cable  on  the  fosl  a^nst  the  total 
footagc-of  the  type  to  be  run  and  piai;^ accordingly. 

(5)  Do  not  qjt  cables  to^the  lengths  shown  in  the 
^ble  rtmning  list'  Run  the  cables  first  then^^cut 
them.  ^ 

Cable  Tigs.  Cable  tags_are  used  to  identify  or 
mark  thc  aable  to  be  run.  Thcsejabic  tags  Jnay  be 
supplied  jn  sheets  of  six  or  in  pairs.  Carbon  paper  is 
ih«rtcd  jxjtycen  made  out  in 

duplicate  since  two  tags  iea*e  required  for  each  oibie: 
Ihformatiph  to  be  filled  in  on  the  cable  ta^  Is 
usually  dbtainexi  from  the  cabling  ^eeCibii  of  a 
specification  or  a  job  cable  running  list. 

Cable  Rtmnfi^. The  re^l  attendant  should  keep 
twists  d u  T  tte  cab Ic  between  ^ he  rcc  1  and  the  dab Ic 
rack:  The  members  of  |he  crew  will  be  rwponsible 
fpr  their  assigned  areas.  This  eliminates  the 
ne«ssity  of  untwisting^the  entire  length  of  the  cable 
when  the  run  has  been  completed.  It  will  also 
pro^^  '^P}^  j^hcath  arid  the  irisulatiori  of  the 
conductors  from  damage. 

The  reel  attendant  should  prevent  excessive 
strain  on  the  cable  turning  the  r^l  by  hand.  To 
prevent  the  reel  Jtgnd  from  tipping  over  sh^ujd 
excessive  pull  be  di^pfic^unwind  the  reel  from  the 
^yor^  i>^^  _P[^ce  the  feels  on  heavy  cardboard  or 
plywood  to  avoid  damage  to  the  floors. 

When  the  cable  has  reached  the  piece  of 
equipment  in  which  it  will  terminate,  pull  in 
enough  additional  slack  to  allow  for  forming  and 


79 


wiring,  Tic 
turns  and  1 
^of  ihc  runwayiai 
/    Tic  the  ^S^^p^SBfe  tag 
:  location  of  dmj^i^atd  aix  thq 
.r.  Growjjd'^  cmFj^Swcr  cables 
power  ^blqs  a^  usually  la 
otlrer  typ«  of  <^cs.  T^ie^ 
for  rufiriing  cmipy^ 
supports:  >*;  . 

Ground  and  power  cable  tcrid' 
'  «)ij«d  stopc^f  the  oay 
fo^ed  to  stiraightei^  them  as  they  i 

Do  hot  drag  arriipred  power  cabT 
caMe  ric^  as  the  metal  ^ering  wiHj 
and:  expose  the  rack^^tb  rust  and  oxidation. 

_rvri__of  ^grp  cable  is 
completed,  cut  the  oibie  with  tether  a  hackKiw  or 
bbltcutters.  Cable  shears  are  not  deigned  for  heavy 
work.  1 '       _  ^  

SwitSfiboard  cable.  When  running  switchboard 
cable,  place  the  reel  in  an  A-type  frame,  Impect  the 
plastic  or  fabric  sheath  of  the  cable  for  tears  or 
abrasions  as  it  is- being  run.  Handle  it  du-efully  to 
avoid  damage. 

_  mnes.  Tag  and  run  the  miscellaneous  wire  in  the 
Pfhic  general  mamer  as  cab^^  these  wira 

are  srhaller  than  rabies  (usually  one  to  four 
conductors)  they  tend  to  tangle  and  spr^d  a(^»s 
the  runMi^.-To  keep  the  wires  r^sonably  sttaight 
^  while  running,  place  wire  loops  temporarily  on  the 
threaded  rods  of  on  the  runway  at  intervals  of  8  to 
lb  feet  and  at  all  turns  and  bendSL  Run  the 
misceltanebus  wir^  through  the  Ibop^uhtir^ough 
are  aixumulatibd  to  be  sew^  49^^-  Misoellanebiis 
wires  are  usually  supplied  on  small  m<ts1  reels:  A 
gP^  'hcthdd  for  holding  th^l^  reel$  is  to  insert  a 
metal  rod  in  the  center  of  the  core.  Then  the  wii;c 
can  be  pullttJ  off  vcry  smoothly.  \  ^ 
__  J^?**S  The  preferred  riicthod  c^^^ 

securing  cs(bles  to  the  cable  rack  is  tacinl  them  with 
waxed  riuriibcr  1 2  cord.  Lace  the  cablw  to  the  cross 
straps  using  the  starting  stitch,  ICansas  City  stitch, 
and  ending  stit|h  (Hawthorne  knot).  Other  special 
Plt'P^^  lij^i  such  as  the  tending  iie_,  art  spmctimcs 
required  for  single  cables  or  large  heavy  aibles. 
Secure  the  cables  and  wires  to  cable  racks  at  every  . 
second  cross  strap  unles  othenvise  specified. 

Exercises  (221): 

Use  the  narrative  hnclow,  as  necessary,  to  complete  . 
quGittons  about  running  cable: 

For  the  installation  of  an  additional  row  of 
selectors  (two  bays)  and  a  jradirig  tcjmihal 
assembly  (GTAj  in  an  existing  telephone 
^\<^^ng^  1  the  fo  I  j owi rig  1  isted  cable  had  to  run . 
The  cable  rack  used  is  12  inches  wide.  A  power 
cable,  20  lengths  of  switchboard  cable,  a  ground 
return  cable,  and  10  lengths  of  small  wire. 
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1.  In  what  order  is  the  cable  listed  above  to  be 
run?  . 


2.  List  two  med^ds^of  ^ijining  power  cable. 


3.  What  are  the  cables  laced  to,  after  they  haVc 
been  run?  ^■ 


4.  AVhat  three  stitches  are  used  when  sewing  a 
form? 


232.  List  the  color  code  for  the  standard  20. 

The  insulation  of  the  conductors  of  a  cable  is 
usually  color  coded  to  determine  selection  of  the 
colored  conductors.  Switchboard  cables  have  color 


CONDUCTOR  no: 

COLOR 

1 

2 

Orangcr 

3 

Green 

4 

Brown* 

5 

aute  „  L 

6 

.  Btue*^tte 

7 

Bhli-Orshge 

8 

Blu«*-Green 

9 

Biue-Brt)wh 

to 

Blue-ilaJtJL  _ 

11  4 

,  .  Oraogt-Whlte 

12 

Oraiv*-Grten 

13 

Orai^e*  Brown* 

14 

Drange^SIate 

15 

GrMh-Whlte 

16 

Green- Brown* 

17 

Oreen-SUte 

18  4 

Brown*-Whlte 

19 

Browti-*- Slate 

3d 

Slate- White 

•In  some  cableSp  black  la  vm^d  tnttvtd  of  brown 

a>d©d  cdnductofs;  Color  coding  may  or  may  not  be 
used  for  the  conductors  of  a  lead  C43vered  cable. 

Use  of  the  color  coding  system  eliminates  the 
nec^ity  of  making  cbhtihuity  tests  in  order  to 
^cct  |»fticular  conductors.  The  coding  system 
employed  is  dependent  upon  the  type  of  insulation 
lisMl^  the  numlisr  of  coriducto^^  ^^5jCi  and 
whether  the  oonductors  arc  arranged  as  singles, 
pairs,  triples,  or  quads.  OSflcs  most  frequently  us6d 
have  either  cotton  and  silk  or  polyvinyl  chloride 
insulation  oh  their  conductors. 

_  jCabl«  havrn^^  a  rc^^^jy 
conductors  make  use  of  a  basic  color  code 
consisting  of  five  colqrs-^luc,_  orange, 
.black,  and  slate;  Use  of  this  code  provides  20 
combihatioiis  which  are  illustrated  by  number  and 
abbrwaiidn  in  figure  4-6.  '  , 

The  color  coding  established  for  sijijle 
oqn^uctdrs  that  have  cotton  and  silk  insulation 
permits  the  distinguishing  of  as  many  as  60.  single 
conductors.  The  first  2CK  conductor  are  identified 
by  moms  of  the  b^c  color  code  shown  above  in 
figure  4-6.  The  s^nd  set  of  20  cbnduaors  are 
identined  by-  the  basic  color  code  plus  a  black 
tracer.  A  tracer  is  a  thread  of  contrasting  color 
wown^irito  ihe  jiMu^^^^  ^^ductor  to  permit 

disdnguishmg  that  conductor  from  another  having 
thS  same  l5«ic  color.  The  Uiiixi  Kt  of  20  <»nductj^^ 
Is  jdedtifi^  by  the  l^ic  color  code  plus  a  red  and 
black  tracer. 

A  oible  containing  60  single  conductors  may 
also  contain  a  ground  wire  (black _ih|ulatibh)an^^  as 
in|ny_§*  four  spwrc  single  conductors.  Spares  I 
through  4  have  insulation  which  is  colored  red  and 
white,  black  jmd  whitci  t^^  and  black,  and  red, 
black,  and  white  rapcctive^^ 

ysuall^,  1  sjMJ^  jair  js  provided  in  a  cable 
having  up  to  100  pairs  and-2  spare  (Miirs  in  a  cable 
having  between  iOO  and  200  pairs. 

The  ring  conductors  of  tripia  (three  conductors) 
of  a  cab(e  are  identified  using  thi;  jM|ic 
shown  in  figure  4-6.  Insulation  of  the  mate  (tip) 
conductors  of  tripla  is  colored  white,  while  tte 
third  *et  of  conductqra  is  ideritificd  by  red 

insulation.  Colon  used  to  identify  the  conductors 
of  a  spare  triple  are  black  (ring),  white  (mate  or  tip), 
and  ltd  (sleeve). 

A  spare  qiui^_  has  Jts  first  pair  of  conductors 
colored  red  (ring)  and  red  and  white  (mate);  its 
^second  pair  is  colored  black  (ring)  and  red  and 
black  (mate). 


Exerctie  (222>s 
1 .  List  the  color  code  for  the  sundard  20. 


Figure  ^-6.  Color  code  for  sufidafd  Cwenfy: 
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223.  Stiu  the  tennimitiiiii  reqnirenents  for 
ibiiicr       wire  wrap  ieniiftiltioi^ 

Bottli^  and  StHppiiq(.o Butting  and  stripping 
^bles^are  necxsuary  to  rcmdvc  a  sufnciem  atnoUht 
of  sheathing  or  outer'  insulation  from  oibles  to 
j*™ii_t '  i^cces^  to  cu:>nductors  for  formi  hg  and 
terminating  opcratioia.  Methc^  of  butting  and 
stripping  vai^  and  are  dependent  upon  the  outer 
co^^fig  of  tlk^  art>  ^di tibial  wrapping  such 
as  braided  metal,  flexible  armor^  or  Jead  sheathing.  : 
putting  is  itvt  term  used  to  d<»cn  operatiph  of 
msking  a  circular  cut  through  the  covering  or 
sheath  of  a  cable  at  the  point  where  the  outer 
insulation  is  to  terminate. 

"Stripping"  is  the  tcnn  used  to  d^oibe  the 
opmtiqn  of  in  the  cable 

covering  from  th^  butting  point  ^to  the  end  of  the 
cable.  Strii^ing  also  include  removing  the  outer* 
covering  and  inner  winppings  to  expoK  the_ inner  ~ 
conductors  for  forming  and  for  terminating 
operations.  c 

Famicd  tffm.  A  fanned  form  is  a  group  of 
conductors  that  originate  at  the  butt  of  a  cable  or  at 
a  ci^rroiponding  point  along  the  sewed  portion  of 
the  cable  forrn*  travel  through  ajanning  device,  and 
end  at  equiprneht  terminals. 

The  fanned  forms  permit  maximum  access  to  the  ^ 
(X]uipnieht  for  maihtenahce  or  troubleshooting,  III 
addition,  it  also  permits  freedom  of  movement  of 
the  equipment  and  dots  not  interfere  with  the 
installation  or  bperatibh  bf  any  removable  or 
movable  parts. 

The  conductors  are  fanned  through  the  fanning 
ring  on  the  side  where  the  equipment  wiriiig  is 
IbcatiKl.  Tte^Uipment  side  is  usually  called  the 
local  cable  and  is  found  on  i^e  left  side  of  a  vertical 
terminal  -^fa^  or  on  the  bottom  side  bf  a 

^BiM^Mfeilihg  and  fanning,  cbriductbrs 
may  b^  ^^^^1^3?^  ^  inches  beyond  the  face  of  the 
extreme  front  5:%e  bf  the  term i rial  strip. 

Care  should  be  taken  to  ijisure  that  the  pairs  of 
conductors  are  not  separated  while  haridling. 


KNOT  END 


NAIL 


CONDUCTOR 


tACiNG 
END 


CABLE  FORM  BOARDS 

^  —  -  -  -       -  ^ 

Figure  4-7;  Nail-type  form  board 


CABLE 
FORM 


.  SINGLE  TW.NE  ^^^^^^ 

Figure  4-8,  Portniiion  of  the  tarting  iwitch^ 

iiorizontaljrinn^Jbrm.  On  the  horizontal^de  of 
a  main  distribution  frame  a  cable  can  fan  put  to  no 
more  tten_  five  terfnii^l  stfi^.  The  l«uls  of 
miscellaneous  cables  may  be  fanned  over  a 
maximum  of  10  terminal  strips. 

Vertical  j^rtidjbrm.  On  tlie  verti<2l  side  of  the 
frame  a  cable  may  be  fanned  over  the  entire  verticail 
orj)vcr  any  portion  but  never  over  more  than  one 
vertical. 

__  When  the  <»bre  TO  pver Ja 

group  of  terminal  strips,  the  otble  is  butted  on  the 
horizontal  brace  of  the  frame  (transverse  arm) 
appj-iDxiitlately  at  the  center  of  the  group  of  terminal 
strips.. 

The  spare  wires  arc  the  extra  wires  placed  in  the 
cable.  They  are  used  in  cass  where,  through 
breakage  6^  other ,  unusual  causes,  some  of  the 
regular  wires  in  the  cable  are  not  a>^ilable  for  use. 

At  ^e  terminal  strips  equipped  with  a  fanning 
device,  the  spare  wir^  are  brought  through  the 
farthest  fanning  jitrip  hole  frpm  the  butt  of  the 
oible:  The  wir«  are  then  cut  approximately  I  Vj 
i  nc h«  past  th>  faac  of  the  c lampi  rig  stri p  and  t^ri t 
toward  the  c^ie  butt  and  extend  throu^  a  hole  and 
allow  Vz  inch  of  wire  hybrid  the  fanriirig  strip. 

Unequipped  wires  jit  terminal  strips  having 
fanning  devices  shall  be  treated  the  same  as  spare 
wiriR^^  Where  the  wiris  arc  in  excess  bf  the  nUrrib«r 
that  can  be  fanned  through  one  hole,^  they  may  be 
placed  iri  a  phenolic  tube  arid  secured  to  the  form. 

The  unused  wires  are  regular  wires  in  a  cable, 
other  than  spare  or  unequipped  wir^K,  which  are  not 
rKjuired  for  future  use  and  which  arc  generally 
treated  as  spares  in  the  form.  The  unuied  wires  of  a 
cabje  are  used  in  preference  to  thcf  pare  wires  when 
leads  in  a  cable  have  to  be  replaced. 


CONDUCTORS 


>  SEWED 


Rgure  4-9.  Typicil  sewed  cible  ronh. 

_  ^^^Jo^^-  A  sewed  form  is  ah  arrangeiheh  t  of 
oibie  wira  cDmpoKtly  lac^  in  sQch  a.|^ner  that 
the  wira  are  brought  out  approximately  opposite 
(heir  a^s^xriated  equips  ^^^/orrhs 
are  uscxl  for  local  switchboard,  lead-coyered,  and 
other  types  of  ihulticpnductpr^^bie^  which 
terminate  at  equipment  jacking  fiuming  devices: 

Sewed  forms  follow  the  cbntour  of  the 
framework.  All  bends,  wife  brc^onts.^nd skinner 
l<;ngths  are  predetermined  before  the  forming 


Y  CABCE 


SIHQLE  TWINE 


OOUBtE  TWINE 

Figure  4- 1 0.  Foimacibh  of  the  lock  sticcH. 


seat  wutcs-  - 

SiSViMG  MOItE 
THAN  ONE  AKM 


STAITTINO  STFTCH 


SfA«f  wiiics  jfirviNa_ 

n  ONiy  ONt  VfMICAL  AMM         STASTINO  STltCM 

DISPOSiO  OF  AT  END  Of  AMM    FOMlNGlE  AHM 

OF  A  FORM 

FiRtir<-  4-11,  Multileg  form  with  vcnical  branch  legi. 
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oyfatibil  starts.  All  bends  arid  arttis  are  made  while 
forming.  ; 

The  pbsitibri  of  the  wires  in  the  form  arc  kept 
^^^rI'''^;  J**_  ^^_/rP'^_i^ossing  Jmc 

another.;  If  crossing  is  necessary,  make  the  cross 
over  the  greatest  distance^^ible. 

Form  boards  are  cohstnicted  on  thc  job.  thcy^ 

laying  them  out  prior  to  sewing:  Form  bodia  arc  of 
n^aiii  t)5*3:^^^^  and  nail- 

^5T^_^^^  _^'T  show  the  nail  type.  ' 

The  materiats  that  are  used  for  thc^fofm  boards 
slK)uld  hot  produce  dirti  lint,  or  any  raidue  that  is 
detrimental  to  nearby  eqyipmait^  Somd  suitable 
materials  are  plywood,  fiber  board,  or  wire  moh 
CA  to  inch). 

_  l^A  ^orni  JiL^^tti^y?  IPI^o^^^^^  twine 
or  cord:  if  the  maximum  diameter  of  the  main  form 
is  less  than  ^/s  ifich,  a  single  strand  bt;  number  6 
twine  is  used:  If  the  majumumjiiamet^'^f  the  main 
rorih  or  branch  arms  is  not  prater  than  1  Vt  inches 
n9ti^  ^>'lJnchj_a_singl^^^  12 
twine  is  used:  Where  the  main  portion  of  the  form  is 
gmi^  than  inches  in  diameter,  use  doubled 
number  11  twine.  Twine  of  two  different  sizes  is 
not  used  on  the  same  form. 

The  knots  pf  the  stitcha  are  placed  on  the  side  of 
the  fofm  hesurest  tHe^^^ 

_WMy*_sing}e_leg  fp  (see  fig. 

4-8)  a  made  as  nrar  batf  of  the  obic  as  possible 
(see  fig.  4-9).  Now,  A^^the  l^^ng  end:of  the  twine 
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Ibck  stitch  ii^^'iisfdv&h  ^ 
df  the  cable  paiff  j(iw^r4-l 
itch  consists  df^  stUd^ 

ited  whcare  the  last  conductors  btigtk 


^^^h^i^^^^otm.  

^*^^mltiie^  form  is  sewed  with  the  itarting 
;n&ir  to  the  butt  a^potsiblef  With  the  lacing 

at  intervals  of  approximateiy^  indies  on  the 
^l?io_n  of  the  fonn  ttot  hw  bi^ch  jirms  or 
brokoats^A  lode  stitch  is  placed  at  br^out 
poinu  at  each  bend,  and  at  the  beginnin|  of  branch 
Thttc  aigaitt  continue  until  the  farthest 
point  of  the  form  is  reached. 
-_A(Uhuonal  twine  of  sufficiil^i  length  is  iewed 
into  the  form.  This  additional  ^ne  is  later  used  to 
sew  the  branch  lep.  At  the  aid  of  qich  \^  the 
ending  ititch  is  uied.  - 

Where  cables  are  sewn  iritd  a  form, 

the  spare,  unequipped'  and  unused 
wires  should  be  at  least  as  long  as 
tiie  longest  wire  in  the  fonri. 

On  a  Singie-ieg  form,  the  spare, Un- 
equipped and  unused  wires  should  be 
brought  out  to  a  point  approximately 
1/2  inch  beyond  tJie  face   (tip)  of  the 
form,  doubled  back  along  the  equipment 
sidp  of  the  form  and  sewn  into  it.  The 
free  ends  of  these  wires  are  cut  csff 
1/8  inch  beyond  the  regular  stitch 
which  secyaif^s  and  is  nearest  the  ends 
of  t^ei^  wires. 
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;a  multileg  form,  the  spare,  uri- 
and  unequipped  wires  serving  all 
63^  the  artnis  are  to  be  doubled  back  bri 
arid  sewn  i0;td  the  eqiiipmerit  side  of 
the  hbrizdn^^il  arms.     A  cable  serving 
only  one-  arm  of  a  multileg  form  shall 
have  their  ..spare ,  unequipped  and  un- 
used wires  cut  to  the  same  length  as 
the_  longest  wires  of  that  arm  and 
sewn;  into  the  arm. 

After  the  sewing  operation  is  completed,  the 
forming  board  is  oit  loose  aifd  you  prepare  to 
terminate  the  conductors.  _ 

Toviiiitii^.  Terminating  inyblves  stripping  the 
ifisuiation  from  the  conductors,  placing  the 
a>nductbr  in  or  bh  the  proper  terminal,  and 

_  Soidtmi  amneaions.  the  American  Weldir^ 
Sbcietv  "B^htt  sblderin^  as  a  ibinjhg^  pipc^ 
wherein  cbmbinirig  br  blending. js  produced  by 
^*^l*"S*i^_nd  l5L_u»Jng_A  "l^ctal  oBt  has  a  meitihg 
point  below  that  of  the  base  metal:  The  melted 
sblcjSsr  is  distributed  between  and  arbund  the 
pro^iy  fitted  pare:  This  type  of  ^Idering  is  also 
kriowh  as  "soft"  aibldering  in  or^r  to  separate  it 
^■^^JU^  *^ld^ring,^a  "hand"  solder 

which  requires  higher  heat: 

When  molten  solder  forms  a  oontinuous. 
Unbroken  film  or\  a  metal  surface,  it  is  said  to  "wet" 
the  surface.  Wetting  can  be  explained  in  the 
following  way:  If  a  drop  of  water  is  placed  on  an 
oily  surface,  it  will  retain  its  original  shape  ar|^  will 
not  spread,  it  does  not  wet  the  surface.  If  a  detergent 
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Fisure  4-12.  Single  notched  terminals. 
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Figure  4-13:  Double  hbcawd  terminals. 


'  wettmg  agent  is  added  to  the  water,  a 
mixtumwiU  ^>raidj^ 
^^^^l^J^^^L^^J^J^^  some  mead  and  not  dthers« 
S<^ldering  &  adiieved  through  wetting.  * 

is  called  the  paaly  or  ptastic  range,  in  this  range^Jhe 
cbhsistency  of  the  sokter  is  spftior  sliisl^.  The . 
uiiall^  thejli^c  raj^,  the  tai^^iance  of  teid  or 
cold  connections  caused  by  mo^i^to^  of  the  wire 
Prl<^1mnal  aiid  the  guidcer  the  jw  dn  \3t  0nished 
and  returned  to  sendee.  ^ 

The  Air  Force  and  industry  hai  select^  t  ^plder 
lumn|^j)ercrat  tin  and  $^pR^t  leKl  as  being 
the  (learest.  standard  sbldn^^  the  ideal.  It  has  a 
plSi^c  rMgc  of  OTly  nM^ly  l^al  as 

could  be  expected  from  a  standi^  sfaeif  jpn.  ^ 

The  primary  funcdbh  of  a  fliix  is  to  plS^t  the 
foritu^on  ofoxidnon  meallic  nuf^i  while  they 
are  bdng  hated  for  ^soldering.  Fhixes  have  some 
claming  abiU^  howtyt^^^  should  not  be 
e^^ected^to^remoy^  hwvy  surface  oiddes,  paint,  or 
dirt  from  metals*  Such  oxide  or  nnudue  ^ust  be 
removed  by  nvechahical  or  chemical  clmung 
pfoccsio. 

11^ J^^yP!^l^]^f^9_^i  g  ^  conduction 
soldering  copper  or  iron  with  a  copper  tip.  It  can  |^ 
hcatai  by  an  external  flame  or  _  a  nioft  ^ 
omv^tioial  electric  elenKnt.  Copper  tipa  are  used 
beoutie  ooppor  has  a  high  heat  cbndttcdyi^  and 
readily  allows  hest  to  flow  from  heating  elJIhent  to 


:  its  tip;  in  addition,  copper  tips'tin  eas^.  Tinning  is 
V  the  prcN:as  of  protecting  the  soldering  irbh  tij>  from 
mrnish  aiKl  corn»ion  ^  mans  of  a  thin  coat  of 
solder  applied  to  the  lip.  Thb  w^,  the  iron  can 
omsmjt  heat  most  efTiciehtly  to  t^  joint  beiiig 
soldered:  _ 

Soldering  iroia  must  ^  selected  to  fit  the 
parti^Iar  spidering  operation  because,  huinerdus 
^QpMe^^Lflvulab^  v^de  vari^  of^i^^ 
«nd  ratinp.  Whereas  many  soldering  irons  are 
fnierai  (wrpcNie_U^  othm  havebeea  developed 
^^specific  typi^of  soldqing.  The  size  and  shape 
of  iron  needed  depends  on  the  size  and  shape  of  tne 
joint,  Uic  s|»tti_pf  so^  solda- 
melting  temperature,  and  space  limitations'.  ^ 
Elf^ttic  »oldmnj;  irons  ^  a^  fated  in  watts 
according  to  their  cflqpaciQr.  Although  the  actual  size 
of  the  solderiog  iron  js  related  it8_^tcsge  fating, 
two  ironi  mgy  maintain  the  wne  tip  ttmperature 
eveiltthou^  their  size  and  watc^^e  may  be  quite 
different  A  in^qr  jwint  to  be  consider^l  in  die 
ktection  of  ajolderinffMron  is  the  size  of  the  joint 
to  be  soldered.  ^ 

hicAt  el^nridU  soldenhg  irons  are  diKigned  to 

screwdriver, 

and  chisel  are  the  most  common  shapes  of  tips^  but 
other  tips  are  aviulable  for  ^^ial  2^}piicatil3hs. 
Tips  vary  in  lengtla  and^  dimneter.^  ^^PP^  ^P^ 
oxidize  mpfdly  at  twnpeiujurcs  over  750*^  F.  and 
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become  rough  i|nd  pitu^. .  To  jnaintain  their 
soldering  efTiciency,  copper  tips  musL  be  tinned 
frccjucmly  and  shaped  or  dressed  filing  when 
necessary  -^f. 

Notched  terminals  consist  flat  mctif  strips 
shaped  at  the  end  to  receive  conductors  and  hold 
them  In  place  ntcchanioilly  unj  Several 
variations  in  the  type  of  notches  encountered  are 
iytistraied  in^  figures  4- 1 2  a|;id  4-13.  Notched 
terminals  jire' usually  strip  mbunti^  thk  eihtirc 
assembly  being  commonly  called  a  r^miJ^I^/p  or 
rerminal  block,  ^  '  . 

Connecting  sa^^^  iq.  ^Imit Jdt^ 

with  job  conditions  and^  the  individual;  however^ 
the  method  describNcd  below  Im  proml. successful 
and  will  be  used  when  practicable. 

Insure  that  wires  remain  twisted  tintil  time  for 
connection.  They  may  be  separated  back  to  the 
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soldering  ciamp  when  one  is  used  or  to  the  fanning 
strip  when  no  clamp  iS:  used.  In  either  instance, 
pairs  will  remain  twisted  behind  the  fanning  strip  or 
up  to  the  terminal  board  providing  no  fanning  strip 
is  losing  used. 

Connect  sufficient  wires  mechanically  before 
itartjng  to  sqldej^in  ord^  to  minimize  handhng^ 
tools  ahd  io  permit  the  soldering  iron  to  maintain  a 
gbod  working  temperature.  ^ 

}*Iacc  all ^ttic'^ conductors  underneath  (bri  the 
vertical  bloiSap  or  to  the  left  (on  horizontal  blocks) 
of  their  asso3ltited  rows  bf  tentiinals  and  place  the 
fdiustablc  soldcrih^  clamp  m  j^^  .Ppl^^ll 
wires  bmtk  around  the  fanning  strip,  then  pull  them 
back  into  position  and  connect  by  rbm. 

On  single  notcM  terminals  draw  the  wire  tip 
irito  the  connecting  notch  until  the  insulation  is  up 
to,  but  not  in,  the  notch.  Bend  the  conduaor 

■  ■  • 
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aroand  the  end  of  the  notch,  flat  across  and  ajpatinst 
the  back  of  the  terminal  Continue  bending  4hewirc 
around  the  end  of  the  terminal  (opposite  the  notch) 
aiML break  the  wire  off.  ^ 

Jbh  terminals  with  two  notcfSwJhc  jn-occdurc  ] 
U)e  same  as  with  a  singlc^^notch  terminal:  The  outer 
notch  will  be  usod  unless  aii;third  wire. is  attached. 
.  Ayj^^t^^^lQS^  solder  bbnnectibn,  the  following 
procedure  is  mcd: 

U )  Wipe  the  tip  of  the  iron  on  a  wiping  pad  and 
then  flow  a.  sinal[  amount  of  solder  on  the  tinned 
area.   _  '  ^,  . 

(2)  J^lai*  tlK  tinn^  tip  on  the 

connection  (where  the  condtictbr  and  the  terminal 
touch  or  the  side  opposite  the  insulated  part  of  the 
CDndactor)juid  aliow  it  to  heat  both  Uie  conductor 
and_the  tcrmiriai.  " 

J3_)^hcn  the  tcfmihal  conductor  arc 
sufficiently  heated,  dit  the  tip  of  the  iron  and  insert 
:ihc  crtd  of  the  solder  ih|p  thr  opening,  .between  the 
iron  and  the  terminal.  Then  pr^  ihe  tip'down  on 
the  conhectibo,  melting  the  solder  in  the  f^oc^. 
1  J^P  *liB^iyy  _*s  the  solder  begins  to 

flow;  this  allows  the  solder  tq  flow  completejj^  then 
slide  the  tip  of  the  iron  from  the  tenninal  j|t  th^ 
rear. careful  to  avoid  moving  erf  the  wire  and 
po^ibly  causing  a  cold  solder  joint. 

Wrf  wn^  conneaions.  Wrapfiod,  cfohhectiblf 
consist  of  a  Jencs  ^f  close  i^j»_pf  wire.  ijlji«sc 
wir»  are  formed  tightly,  under Jension,  around  a 
specifically  designed  tern^nal.  The  be 
sqlderal  or  remain  unsoldered  as  specified. jor 
determine  by  mjuiremehts. '  .  -  ' 

/Dri^  wrapping  tool  .^it  is  formod  of  metal 
(^n^iiing  an  axial  hole  an^  slot:  The  slot  is  pn 
the  outer  surf  ape  of  theJbit  am  reoeives  tSe  skinned 
PPftipn  W  wire.  Tluj  center  hole  (axial,  hple) 
ac«pts  the  terminal  that  the  wire  is  to  be  terminate 
to.  This  basic  tpb!  can  be  powered  \^  one  of  foiir 
ways:  electri^l,  comprescav,  air,  mechanioii,  or 
tend.  _ 
^  The  bit  rotaitt  while  the  sl^ve  remains  fi)Qed 

Ziyi's  i**^^^*?  otJ^?_^***?^ 

located  on  one  end  are  for  anchoring  the  insulated 

jx>rtipn_  of  Uic  wire.  THis  prcv«te  any  slippinj^^^^^ 
the  wire  during  operation.  On  the  same  end  of  the 
bit  is  a  U-shap(nd  flar^.  This  flaire  guidi»  the  wire 
mtd  the.  slot  cif  the  bit  The  wraj^ing  tool  is 
energized  by  operating  the  trigger  and  rotating  the 
bit  in  the  fliuBd  sleeve. 
•  On  wire  wrap  tcminals  ^a  m^^ 
complete  wraps  are  required,  using  22  and  24  gauge 
wire.  As  a  general  rule,  a  174-  to  1  V»-inch  shiner 
(condurtor  stripj:^_o^  jfisulatidn)  provides  enough 
shiner  for  a  five  wrap  termination. 

Once  the  insulation  is  removed  from  the 
conductor,  the  following  procedure  is  used  m 
secure  a  conductor  by  wire  wrap: 


(1)  Insert  the . skinned  portion  of  ^  wirf^ihto 
slot;  us«  thcvy^haj^^  f^^rc  ori  the  sleeve  as  a 

guide  for  the  wire;;  insert  the  wire  up  to  the 
insulation.  '   •  ' 

(2)  Bend  the  insulated  portion  of  the  wire  into 
the  anchqririg^hot    in  the  slwve.  ^ 

(3)  Bte|iWie  wire  wrap  tool  (hand  or  gun)  on 
the  texJPPr  qp  to  the  shoulder  (wide  part  at  the 
base  oln|e  terminal)  of  the  terminal;  or  up  to,  but 
not  over  a  previously  connected  wire, '  ^ 

{4\  Operate  the  trigger,  while  keying  the  tool 
straight  or  para  lid  with  the  terminal.  Pp  not  pull 
up  on  the  tool  or  push  against  it;  let  the  tool  move 
up  on  the  terminal      itself   *  /,i'v^ 


Exerciies  (223): 

,  1 .  Wjfet  is  a  fanned  form? 


2.  What  is  the  maximum  number  of  ter|3jin;pil 
blocks  a  horizontal  fanned  form  can  fan  out  to? 


3.  What  is  the  maximum  that  a  vertical  fanned  ^- 
form  can  fan  out  to?  ^ 


4.  What,  cdncerning  sewed  form:^r  is 
predetermined  before  the  forming  ppeiiftion 
begins?  ,  ^  ' 


.5.  What  twine^is  used,  if  the  maximum  diameter> 
of  A_^5w^  form  is  betweeri         1  Vs  inches  hi 
diameter?    ' .  ^  ^ 


6.  What  do 

form  sewed  with  a  dotible  strand  of  number  12. 
twine?  ■ ^ 


7.  What  does  terminating  consist  of? 


8.  What  two  methods,  are  used   to  secure^^ 
conductors  to  terminals? 


9.  How  far  back  bn  the  terminal  smp  may 
conductors  be  untwisted  when  terminating? 
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10. 


What  is  the  length,  as  a  general  rule,  of  the 
shiner  when  securing  a  conductor  by  wire 
wrap? 


rter  cables 


II. 


12. 


What  is  tw  minimum  num 
wire  wrap  termination? 


^of 


wraps  foi;  a 


Where,  on  a 
broken  off? 


notched  terminal,  is  the  wire 


^   224.  State  bow  and  wbco^^lii^  cbnuaccf 'pow(^r  leads. 

The  power  equipment  is  normally,  instaiied  as  a 
group,  with  each  individual  unit  being  mounted 
wt th<iGl  coordi nating^  unit  Power  jxme Is^are  bo  1 1^ 
to  an  angi^-iron  frame  which  gives  them  adequate 
sujjport  Tfe  i^  contains  equipment 

which  provido  for  supervision  of  all  exchange 
/  «lUiiHP«it  for  cbhtrbUihg  the  bperatibh  of  the 
ston^  battety  and  is^ha^ng^o^uipment  and  for 
distribution  of  the  direct  jcurrent  for  operating  the 
f^^M'll^^iP^  caijtcnt  for 

rinjpng  and  tones.  The  Flotrol  rectifier  converts  the 
Incoming  altOTau  current.  Thi^ 

ou^t  DC  diango  the  tottery  and  pfovidcs 
operating  current  to  the  switching  equipment 

/^!!  Jl!?  Jo^^gI?^  Si^chirij  «juip^ 

is  compieted  before  any  wires  are  connected  to  the 
^ttcry  €)r  tgjfe  e^ipmeht  Included  in  the 
ppwo^^^pmem  ^ting  are  the  ^b\&  conn<^ng 
the  W volt  DC  sippiy  with  the  centxtf  office 

frvne  :9nd_ battery,,  and  the ^mary  power  cables 
frOniifc220-yolt  c5«:le^C.  All  cables 

are  placttl  in  jhcir  rwpecove  :locations;^^fdre 
terrhi nations  ai^  to  be  made.  A U.  pSwer' cables 
Q;nni nate  atjlti^^li^ 

not.ail  cables' attacl^to  fuse  panels  at  the  switching 
^uijP^nent  fi^es.  The  cabi^  are  cbhh^n^  to  bus- ; 
baii^hicH  have  a  specific  jsolariiy,  which  misans 
th4^»|i^nduc^rs  of  the  cable,  likewise,  are  to  be 

yx)sitive  (+).  Gbserye^ood  wiring  and  soldering 
practices  at  all  times.  Be  sure  that  all  connections 
are  clean  and  tij^ten^  securely^        _^  ^ 

Formed  cabjiS\^ay^be  supplied  by  the 
?5^y^i^9tUrer  to  to  complete  the 

cable  connections:  rltpidiy.  and  with  greater 
asiurance  of  a  pippt^^lmollatib  The  formed 
cabia  will  be  idoitified  Vith  a  code  number.  The 
longer  formed  cables  connect  the  power  equipment 


to  .the  equipment  frames,  and  < 
multiple  the  equipment  fram^. 

Usually  the  positive  H-)  terminal  of  the  storage 
battery,  the  ground  potential  ringing  terminals  on 
the  power  jSancl,  and  the^qU^nd  l?^  t'ar  (bunching 
board)  of  the  distributing  frame  should  be 
connected  to^qund.  The  preferred  method  for 
Sprounding  each  of  the  unici  is  by  providing  each  an 
individual  attachment  lo  the  earth  (ground).  The 
simplest  yet  most  cffwAivc^^  most 
conditions  is  a  ground  rod  driven  deeply  into  the 
soil.  A^ cold  water  pipe  may  be  us^,  but  a  common 
grom^/wire  to  this  pipe  for  both  the  ccmral  offioe 
V  ahd^.  electrical  power  protection  panel  is  not 
■  permitted.  A  separate  ground  wire  for  each  S)iteqi 
-■I'iiiriui  u04ued,  and  each  wire  is  conneaed  directly  to 
a  secUqh  of  the  pipe.  This  prbcadure  reduces  the^ 
possibility  of  ham  or  cross<xl-circuit  effects*  • 

conduit  and  power  circuit  installation 
betyifeh^hc^m  the  jK>wcr 

equipmff^t^must  cohform  to  National  Electrical 
Code  requirements.  The  Wiring,  ndrmally,  is  the 
very  last  to  be  instaUed  before  the  system  iiput  jritq 
operation.  The  central'^  office  ends  of  th«e 
99l?^yctore  arc  atta^hcd^  bcfqrc  the  ends  at  the 
service,  entrance  switch  are  ter^iina ted.  This 
re  ^W:ivides  for  greater  safety^  while  making 
llation: 

Exercise  (224?.* 

t  _     _.  _  _  ''^ 

Answer  the  fqljqwing  questions  about 
conne&ng  power  leads.  ^ 

I  •  When  ^wer  for  the  switching  equipment  bays 
connected?  ^ 


2.  Where  do  all  power  cabl^  terminate? 


3.  What  should  you 
.  power  cables? 


observe  when  terminating 


What  two  iterlisMn  the  equipment  bays  are 
power  cables  a^hed  to? 


4-4.  Plant-ln-PlaceRecords  y 

Your  first  two  questions^are  probably,  what  arc 
^lant-in-place  drawings  and  what  purpose  do  they 
serve? 
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3^'PlaniMi{-pIacc  drawmgs  j^  rccofds  show  what, 
where,  and  how  CrE -equipment  is  installed;  and 
they  arc  essential  for  the  maihteriaricc  and 
opcratidn  of  these  faciliti^ 
planning,  modifications,  expansions,  and  changes 
to  C-E  facilities.  When  you  arrive  at  a  new  base, 
these  drawings  are  invaluabie  as  sources  of 
information  about  your  hew  exchange. 

225.  Given  ioformation  about  completed 
scheme  ic|ifiiiSt  state  how  to  correct  aiid/6r  lip- 


^te  plaiit^Qi|>place  records  drawii^s. 

W_  _       '      _  • 

_  TyP^.^f  _?^^Pl^  T^^^rc  iu>?  ftikc  lyj^  of  C-E 
plant- in- place  records  (PIPR):  Each  is  explained  in 
the  foil  owing  paragraphs.  -  _ 

Inmttaripn  records:  Thisc  are  site  Iklaptation 
records  provided  by  Air  Force  Communications 
-Sferyicc  (AFCSX  they  shqw^what  ogujpmc  is 
instaUcd,  its  location,  and  its  interconnectiojis. 
Incl^od  are  drawings,  narrative  listings,  catalog 
dociiments,  and  any  other  data  such  as  tibch  orders, 
photographs,  etc.,  that  are  neccss^n'  for  future  site 
p  1  a n  n  i  h g,  e n^ i  n cer i  n^ ,  cii r r e h  t  ^c co u  ri  ta b i  1  i  ty , 
operation,  and  maintenance:  j 

Catalog  documents.  These  arcya  pari  of  the 
installations  drawinj^;.  but  are  nst^  separately 
ausc  of  their  importance  to  the  PIPR  system, 
tic  catajqg  doc^         include  the  drawing  record 
^ndex,  engineering  data  lists,  key  sheets,  and  base 

layout  drawings.   

C^E  schemes:  These  include  installation 
"narratives,  materiel  lists,  test  instructions,  trans itor^ 
drawings,  standard  dfawi|lgs,  and  site  adaptation 
drawings.  Some  of  -the  drawings  will  become 
installation  records  v/hen  the  scheme  i& 
implemented:      *    .  'Jgjj^^'^ 

Interim  records,  .Interim  records  are  copies  of 
^heme  and  install^tl^jecords  and  associated  AF 
Forn^  i  \46^  (lEngi  hecri  ng  Changi^ 
Requaf^AulhbHzatioh)  ip^  l>y  the  i"'Stallatian 
team  to  show  devi^ions  from  the  planned 
Installation;  or  markod  by  exchange  jsersohnel  to 
shbwa>iTecuons.     _  ^ 

These  records  are  held  and  maintained  as  part  of 
the  PIPR^tp  provide  accurate  installa^^  .rw^rds 
pending  AFCS  revision  to  the  nttsster  drawing 
r«:»rds. '  i:^^ 

Base  J^-E  records.  Bdt^t  C-E  recdrSs  are 
maintenance,  programming,^engineering^  and 
temporal^  installation  recorcS  established  and 
maintained^  by  shop  and  base  aaiviti^^ 

Maintenance  records  include  line  r^rd  cards^ 
cab[e  assignme^^  records,  and  operational  tc^t 
reports.  _   ^  _  . 

Engineering  and  programming  records  include 
AF  Fonns  1261   (C-E  Installation  Completion 
and  Commissioning  C^j^^f icate),  1319' 
(Subsystem/System  Test  Verification  and 


n't 

Commissioning  Certificate);  and  1325  (C-E 
Facility  _Rempvai  Certificate);  site  cdricurrehcc 
letters  (SCLs)  iarid_siippK)rt  requirements  letter 
(SRts);  ietters;,of  agreement,  real  estate  data,  test 
results,  prdgi^m  change  dcKumc^^  and  cither 
supponing  and  historical  documents  as  directed  by 
the  major  command.  " 

Cbjtectjiii  jjnd  UjHlatiflg  PIPR  Drawiii^. 
Whether  you  are  part  of  an  Engineering  Instaliation||; 
(EI)  team  or  a  member  of  a  maintehaneesjidp  you 
need  to  know  how  to  read  th^  drawin^mid  make 
corrections  when  you  find  errors  or  a'^ange  is 
'"adc  that  reqiiircs  uj>dauhg  the  dra 

Regardless  of  the  reason  for  changing  drawings  a 
system  that  cvcryphc  undeiitands  is  necessary;  that 
Is,  if  your  records  arc  to  be  correa  when  the  new 
drawings  are  returned  to  you. 

A  simple  system  using  thn^  «>|ore  is  uwd  Air 
Force  wide  to  make  changes  to  the  drawings. 

Yellow.  The  color  yellow  is  used  to  identify 
deleted  data,  not<^,  and  ^uipmem  shown  on  a 
drawing,  Jn  other  words,  « if  a  selector  bay  is 
removed  from  yotir  exchange  you  trac:^  dyer  that 
equipment,  on  the  floor  plan  drawing,  with  a  yellow 
pencil  to  indicate  the  equipment  has  been  removed. 

Red,  The  color  red  is  used  to  indicate  additions 
to  the  facility. 

_  jB^f^^^  T^^ls  co|^      iisHKl  for  notes  to  iristrtict  the 
draftsman,  engineers;  and  dtS^rs: 

At  least  two  sets  of  drawi]|[p  Ire  annotated  to 
reflect  changes  in  the  J^^m.  One  set  is  sent 
forward,  for  the  purpose  of  Sirrecting  the  master 
drawings  arid  getting  Updated  drawings  made,  the 
other sei^'maintained  in  the  organization  as  the 
installable  drawing  until  updated  copies  are 
received: 


Exercises  (225): 


1. 


b-dial  trunks  has  been  added  to 
t  do  you  do  to  the  floor 


2:  What  color  pencil  should-fe  uscd'tor  each  of 
'  the  following  command  directed  chai^^  to  the 
selcssdr  wjtiipmcnt  in^ur  exchange?^. 

a.  CJ  is  ^banged  from  .01  mf  capacitor  to 
.025  mf.^;_ 

b.  The  lead  from  contact  3  of  relay  B  to  contact 
4  of  relay  C  is  removed, 

c.  A  lead  from  contact  4  of  the  VONs  to 
contact  10  of  relay  C  is  added.  ^ 


How  many  copies  df^affect«i  draw ih;^  are 
marked  up  to  reflect  changes  and  whaphappens 
to  the  copies?  ^ 
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CHAPTER  5 

s 

i 

CiMitrai  Offlca  Records 


RECORDS,  Tl^  MERE  term  is  eridugh  to  strike 
terror  in  the  hearts  of  even  the  b«t  repainnen:  Let's 
ik>*^??^iiu*Ai^^  however,  ah  even  bigger 
pain  IS  records  that  m  m^y,  incoitipiete,  or 
iricorrcct.  Without  records  that  arc  Jegibie,; 

^"^Pl®^?  LL^_^^l^|clyjny>i^l^^  to, 

tiSt  the  cable  pSSi  for  a  specific  ctrcait  or  telephone 
number. 

Records  jffe  viml  in  any  r^^nably  well-mn 
central  office  There  is  nothing  particuiarly  difficult 
about  proj^^ly  maintaining  your  recprd|i.  Sihiple 
everyday  keeping  up  with  them  will  insure  that  you 
have  records  which  yoii  caii  rely  oh.  .  -"v 

in  this  ctapter  we  djsow  thetelephqne  huiti^r 


wheh  an  ihstallatipti  has  boiln  compteted. ,  For 
^^^P''*^' J^^^yoJ*)^^  1 87  (humbcr 

87)  on  the  assignment  form:  Notice  the  number 
75^100,  tliat  appears  J^dc  it  This  number  is  the 
service  order  numbat'  that  appeared  on  the 
cbmnmhicatiohs  service  order  (see  fig.  5-2),  Why 
dofl_the  number  75-U)0  appear  ^  telephoh^ 
number  3187?  We  refer  to  figure  5-2  to  explain 
*hy-  tcli^HSonc  numb^  31 87,  was  used  for  the 
new  msan  line  installed  in  the  day  room  of  the 
3760th  Instructor  Squadron.  When  the  inside  plant 
repairman  sel^^  tjie  num^r  he<iid  not  select  the 
number  at  random.  Instead,  he  checked  the 
^5l<^l^_<^c  iiumbCT^^  to  dqtermihe 

the  number  to  use;  Since  3187  wasn't  in  ise^  he 
the  service  order  number  75-1  Q2_  beside 


assignment  ricord,  line  record        circuit  layout      3187  until  the  installation  was  cdmpletcJ^d  then 


uransfer  worksheet  and  explain  how  ihey  relate  to 
l^Lcbmmimicatiphs  service  order.  We  will 
also  touch  on  the  storage  battery  recora. 

?^6^  Given  inlprinatidii  extracted  from  AF 
Fomis  iStS,  md»  appi'^iat^  entri^  qn^  a 
t^icpiMHic  namber  iusignnienit  record,  interpret 
selected  entries,  and  identify  all  errors.  . 

_  J^^>:^Ji^<^Hfltffe^ighineh  Record^ 

^^^-^^^^^^l^lfltF'  ^  pictures  the  AFTO 
229^  imgaii^  of  OUT  form  is  to  cecord  the 
^9  assignmpBPVvtni^ 

?8?^     *  ? Jl^^^^jJ*^?  h  pn  jiic  fprm 

from  00  to  99,  These  numbersare  the  last  two  cjigits 
5^_2^_AcLcphcmc  gu  For  ihstahce,  these 

particular  numbers ;  are  in  linefmder/oqhhee^r 
ffrpup  3 1  go  (see  "3 1 00'*  in  the  LP  Bay  block  at  Jop 
r^gfat  of  font!).  Sinw;  thil  is_  the  ^^^^  the  first 
humber,  00,  wouldJbe  telephone  number  3100  arid 
1^1  SiunbCT,  99,  would  be  telephone  number 
•^  3199.  Notice  the  Xpiarb  in  the  Asgd_(as«gn^ 

Gblumh  beside  the  v^ous  telephone  numbers.  The 
"  ^  M^!^J^J<5lephohe  numb«rhas 

been  assigned  and  is  in  service.  You  mark  an  X  ^  a 
'  telephone  number  on  the  assighm«^t  rRcor^gf4v 


^  placed^ah  X%esicfc  it  in  the  Asgd  column.  One 

hUinbcr  js  writtch  in  the 
assigned:  cDlumn  beside  a  selected  telephone 
wh^bcr  before  a^^  is  complct^  is  to 

show  that  the  number  wiil  be  us^for  the  pftidihg 
ihstallaUoh. 

ii*i^*?^jph__^^  tciephphc 

humber^^ignment  record,  th6 i^p  right  part  of  the 
tQMiihdic^tes  the  lihefihder  b^'ahd  ^dup  that  the 
numbers  00-99  are  Iprat^  in:  Directly  under  this 
ihformatiph^  is  the  linerihder  shelf  these  numt 

^9^^^  _^'_ M?Jl^-%^       jfJ^ormaUon ,  j^ou^^^ 
a  block  cojiteining  the  dasslof  service,  how  mauvlii 
ig^i^l  f^wttyrcs.  The  classes  of  service  for 
assigned  tnephone  nuhibers  are:  .  * 

AXA^^^hrwtricted. 

B---Unr«tricted--jMlid  for  by  subscriber. 
C — Restricted  for  official  ou  bascjcalls; 
_  J^rSj>^ial  numbers  assigned  for  fire  rcpbrtihg, 
guard^  phones,  etc 

JTie  tfnrastrictsl  bjdck  of  the  AFTO  Foito  229 
(sec  fig-  5-  i )  sho^^;^^e  total  unrestricted  numbers 
in  ,^^5  you  ^a^sec,  00-39  and  80-99  arc  cither  ' 
class  Al  A  or  class  ft!  B  numbers.  As  you  add  or 
dcrlete  hew  telephone  numbers,  you  will  have  to 
make  adjustment  in  this  block  to  reflect  tlfe  gctidh  • 
you  have  taken.  ^;  - 
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DISTRIBUTION  PLANT   DATA  IN/OUT 


C*tLI  

FiNS  - 

CUA^UTLTY 

1  

o  / 

INSTALLER/0*Tfi 

SUBSCRIBCR/OaTC  - 

REMARKS 

7  ^ 

MATERIAL  IN/OUT 


a' 


PCCQRDG  PQGTCD 


YesT.-'B^aro  . 


CHI  EP_CF£lJ>vt^ 


OrRECTORX  CL£^K 


TEL    ACTC   CLERK  ACTG    AnO   'IN    JFFICE  OTHER 


AF  FtB  71  1075  P«tEV|OUS    EDITION    WJLL    BE  USED 


^      Figure  5*2:  AF  Form  1075: 


MAY  Tl 


KKVIOU*  KDITtOM  IS  0»SOI.KTK 


Figare  5-3:  AFTO  Fbrih  229  (bbjcctive  226,^di&cisc  I). 
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Figurtr5-5.  AFTO  Form  224  (objective  227,  exercise  1): 
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'    ,  1901 

Figure  5-6.  AFTO  Form  224A  (objective  227.  exercise  l>.  • 
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^wn  b)elow  to  annotate 


15  ^nstailed  on  lO  April 
75-18  and  75-21  were 


The  last  block  of  the  AFTO  Form  229  is  the 
Remaflcs  oqlJurhn.  It  is  lised  for  fjiy  sigfiificant^ 
information  you  desire  ^o  write  icL  However*  in"* 
ttiibst  cases,  test  hum^B,  Mich  as  the  ones  shown* 
;j|rc  written  in  this  cot 

Eicereii(c  (226^ 

1 .  Use  the  informal 
figurt  5-3^ 
a.  Work  order^ 
1975. 
^   b.  Work  ^ders 

completed  on  15  April  1975. 

?^[*?J^  ^^:^rror  in  the  fortn^  

,   d.  Phone,  number  5119  is  assigned  to  work 
order  75^57. 
e.  Complete  the  IN  USE  column. 


227.  Given  Inforni^tiDii  extracted  from  ^F. 
ForiQs  idtSg^niake  appropriate  entries 
telephone  csmt  recbrdil..  ' ^j^fej/^ 

C^ilSle^ecord,  AFTD  Form  2^fHf|* 

cabK  n^ord  is  one  of  the  indst  itn^^l^^Asentraj 
officc^rccords  you  are  required  to  maintgfjn.  The 
reason  is  because  the  record  <x>htains  information 
sAowing  the  terminadon  of  all  telephones  in  your 
system.  Figure  5-4  pictures  a  p>brtioh  of  the  ca&le 
rKUDrd^rics-^-thc  AFTO  Forms  224.  and  224^; 
The  AFTO  Form  224  is  called  a_left  feb  and  can 
ac4?bminodate  from  to  20j^rs^  T^c  AFTO  Form 
?24A  isT  called  a  rightiab  and  can  accommodate Ji 

Pairs,  making  a  total  of  51  pairs  that  the  AFTO 
brms  224  and  224A  can  accdttiodaie. 
Before  we  get  into  a        led  explana^ 
cable  fccprd»  AFTO  Form  224  seri^,  lct*s  s«5  the 
relationship  of  these*  records  with  the 
:    cbrhrhuhicatiphs  scTvij»  order.  R 

communicaitions  service  order  in  figore  5-^or  a 
iSpmcpU  notice  the  distribution  plant  data /block. 
The  infdftpatidn  suduas  the  cable,  jair*  tem^nai, 
.^^  and  pin  Qpunt  needed  to  install  a  new  rhaii|^' is 
pbtaihcd  ftom^^e  c^^  HP 
tp  show  aH*tfat'distribution  plant  data.  This  daS  is 
obtained  fr(OT  i»b  maps  drawn  up  after 

cdmpletidn  'of  the  outside  plant  (able  scheme  at 
.  yourJbasc.         .  _ 

.When  it  bcux)mcs^'1S^Ss&y  to  install  new 
telephone  main  iine»  you, will  have^to  refer  to  the 
cable  r^x>rd  to  obtain  the  nepKS^b^  diso-ibutipn 
plant  data  for  the  installation.  This  daiMvill  thet^ 
^wrijten  on  the  local  communicatiofi^^sJSMce  or3^r, 
as  shown  in  figure  5-2,JYou  al^  >WKe  appro 
entries  pertaming  to  .thcfinstai^tio^oh  the  c^Tfe 
record.  .  ^    -  X  --^ 

_  _  ?f crri ng  to  figure  5  -4  again?  i^l^3^ jcxami ne 
entries  .that  appear  on  the  cable -re^rd*  AFT© 


Form  224  scries,  You  notice  fexwi  humtere 
cable  reojrd  with  arrows  pointers  to  the  portiojis  of 
the  form  we  wish  to  cxjjlaih.  To  und^itand  pur 
explanation  of  the  fofin^thdfoUgW    /eiate  the 
boxed  number^  on  the  form  with  the  following: 

(1)  Tcrriiihal  count  distributioh-^Hthis  en^  a 
jf«rfnanenu  solid .  line  drawn  in  beside  pairs  1 

through  51  jwhich  icnects  the  pair  count  of  a 
ll^ific  temihal.  When  a  tpin  jinc  orjq?«aal 
circait  is  installed,  you  place  an  X  to  indicate  which 
pair  cbnhccts  the  circuit 

(2)  Pole  and  terminal  number— this  entry  shows 
the  pole  and  terminal  number  for  pair  1  count 
through  51.   1 

(3)  ^ Pole  and  terminal  locauon — this  entry  is  the 
exact  location  (area)  where  a  pole  a^id  terminal  are 
located.  i__  ___L 

(4)  Office — ^the_  natne  or  number  of  the 
telephone  central  officc  is  entered  here.  

(5)  Cabi&— the  number  of  the  cable  is  shown 
here.  _   

Pair  count — this  entry  Is  the  pair  count  of 

jnnTOle^  to  jablc  jnfdntiation — entries  ' 
here  where  one  ^ble  connects  to  pother 
1c  f casoh  _  for  a)nn^tihg  cables  is  to 
"^added  flexibility  for  cable  distribution. 
Held  orders— service  order  entries  arc  rhade 
here  when  the  iiis^llautin  cannot  be  performed  as 
scheduled,  _ 

(9)  Wired , out  of  limic^-^nWcs  a^^ 
when,  due  to  congsted  facil^tif^  a  subscribcSNs 
being  served  from  >        jjid  teti^^     other  than 
the  dne  closest  -to  his  pttti&set  ' 

X\0\€2^b\c  connection  iirfoTi^tion: — this  entity 
reflects  that. a  specific  pair  ih^^^MS  gable  is  <X|nnected 
to  a  speciH^' (%ir  of  anottiSinble  to  reach  ttie 
jDrcmiaw  of  th^ubscn^^  : 
i     (I  J )  Pj^-P^nrbajf— an  entry  is^ 
where  a  circuit^s-^routed  tfm)u^  ftises  ox  thrc 
jack  br  panel  app^rahoB  at  ah  att^^ 
The'^ntry  is  usuarly^th^fuw  or  jack  "TMM"  _ 

(jii)  Servico — the  spade  is  rescrvM^p  cptfer 
ser^oes  n^^^  a^_^laj»  A,  B,  dr  C  telef^iOTps  and 
special  circuit  entries.        ^  frj 

(13)  Telephone  riuiTS>er^the  number  of  -  the 
sulKcriber's  telephone  is  entered  here.  \ 

.  ^\  .      ^     V   ■  % 


Exercise  (227)i 


'ds;  figxir«  5-5  arid 
given  below: 
Btype  (TW5^)  circuit; 
*1920  of  cable  10  at 

^ed  a^20  pa^r  leg  of 
^^31  thkpugh  1^50*  at" 


the  corner  of  Texas  arid  fst  Ayc^iie. 
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Figure  5-7.  AFTO  Form  233. 
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c.  Telephone  41 75.  CJass  A 1 ,  was  instaJlcdjDn 
pair  1 944  of  cable  j  0  dri  terminai  P05  A2 1 , 
bat  is  wired  oat  of  limits: 

228.  Given  in  for  in  at  ion  extracted  from  AJF 
Forms  1075  and  appropriate  cable  records, 
prepare  a  cable  tranfef  worksheet. 

Cable  Jrarafer  Worbheet,  AFTO  Form  253. 
The  cable  transfer  workshoct  is  used  to  record 
Information  about  cable  and  tcrminaJ  ti^ansfcf 
work.  For  instance,  a  big  office,  department, 
d  i  r cc to  ra tc ,  or  brga h i za t i o h  moves  f rd m  one 
building  on  base  to  another  and  wants  the 


columns,_side-by-side,  and  a  TO/CABLE  . REF, 
column.  Each  major  cdlumri  contains  a  PAIR  and 
BP  column:  Cross  out  the  word  FROM  or  TQ 
which  is  not  applicable*  in  the  CABLE  REF 
column  enter  the  proper  cable  reference  number;  in 
the  PAIR  cokimn  enter  the  cable  pair  number;  and 
in  the  BP  column  enter  the  binding  f»M  nurrit*r  if 
applicable.  In  the  TESTER  INIT  column  enter  the 
mitials  of  the  person  performing  the  test  dh  the  cbr- 
r^ponding  circuit. 

In  the  four  blocks  at  the  bottom  of  the  form  enter 
the  signature  of  the  f*rsdn  who  accqmpHshcd  the 
work^  the  date  and  time  the  work  was  completed, 
the  signature  df  the  person  posting  the  applicable 


communications  services  and  phone  numbers  to^^  central  office  records,  and  the  date  they  are  post«i. 
fcmairi  the  same.  Without  some  means  of  keeping 
this  information  organized,  you  would  realty  have 
prdblems. 

In  the  first  major  block  of  the  fonn,  top  left- 
hand  comer  of  figure  5-7.  you  find  four  columns. 
In  the  REFx»lumn  enter  the  cable  humbcr(s)  of  the 
cabLc(s)_bcing  used.  In  the  CROSS  CONNECTlbN  ^ 
l-PCATION  column  enter  the  location  of  each 
cross-connect  pointy  in  s^uence.  In  the  count  col- 
umn, enter  the  numbers  of  the  first  and  last  cable 
pairs  of  each  cable  listed  in  the  REF  column.  In  the 
Work  by  column  record  the  initials  of  the  person 
doing  the  wdrk  at  the  cbrrcspdhdiog  cross-connect 
point: 

__  I_n_the  uppcjr_right- hand  comer  of  the  form  is  a 
PAGE  NUMBER  block,  thjs  is  u»5d  3"  more  thai^ 
one  page  is  used.  A  two-part  number,  the  first 
^indicating  the  paje  number  and  the  second 
indicating  the  total  nQmber  of  pages,  should  be 

USttj.   

In  the  T]OT  OFFICE  AND  TELEPHpNE  NO, 
block  list  the  name  and  telephone  number  of  the 
cdhtrbl  dffice  thai  is  td  perform  the  ^tihg.  The 
number  of  the  wo^k  order  authorizing  the  move  is 
entered  in  the  WORK  ORDER  NO.  block.  The 


Exercise  (228): 

1 .  Use  the  fo  lid  wing  informatign  td  complete  the 
appropriate  blocks  of  AFTO  Form  233,  figure 

5-7.       ;\    . 

The  circuits  of  cable  10,  pairs  1 907  fig._5-?) 
trough  191 2y  are  being  tianferr^  to  cable  08  pairs 
A  thrdugh  9  in  terminal  PP1F25.  The  work  order 
auUiorizing  the  move  is  75-182.  The  t«t  office  is 
the  central  office,  telephone  number  2224.  The  job 
must  ^  completed  l>efore  10  May  1975  and  should 
start  on  8  Nlay  1975. 


initials  dh  the  po^oh  making  up  the  worksheet  and 
their  phone  number  are  entered  in  the  WRITTEN. 
BY  block. 

In  the  COMPLETE  (BEFORE- AFTER)  block, 
cross  out  either  the  BEFORE  or  AFTER  and  enter 
the  appropriate  date.'  Enter  the  start^date  df  the  job 
in_  the _FbfL  START  DATE  block,  b  the 
FRAMEWORK  bidck  enter  Yes  dr  Nd  as 
apprppriatc.  In  the  DESCRIPTION  O^WORK 
enter  a  brief  description  of  the  work^mg  done/ 
^n tc t_  the  num b ers  _ i hd jca ti njg  the  h U m c r i ca i 
scquehce^f  the  woric  being  done  in  the  ITEM  No. 
column.  The  next  four  cdlumhs,  CLASS  OF  SVC, 
TELEPHONE  OR  .CIRCUIT  NO.,  CIRCUIT 
DESCRIPTIOft  and  SPECIAL  ^EQUIPMENT 
9PjypM  ^i^^*f^*5l^^^^  T^c  infpmiatidn  for 
these  columns  is  obtained  from  the  AFTO  Forms 
1 2 1  and  3^76  of  the  telephone  and  circuit  numbers 
being  transferred.  ^ 

There  are  four  FROM-TO/CABLE  REF 


229^  Given  ijiforihalion  extracted  from  AF 
Forms  1075,  malce  entries  on  Al^d  Form  576 
and  state  wliat  otber  AFTO  forms  will  be  affected 
by  the  entriei. 

Circuit  Layout  ^ecoi^^i^^ 
Form  376.  Figure  5-8_pictares  the  circuit  layout 
recbrd/trdublc  report  The  ehtriw  dh  this  fprm  arc 
similiar  to  the  AFTO  Fonn^  121  exc^  that  this 
form  has  inforrriation  written  on  it  pertinent  to 
•s^ial _circuitt  sijch  as  tclcQjK,  rauiio,  or  pnyatc^^ 
lines  which  are  routed  over  the  base  telephone  cablje 
systein.  In  reference  td  figure  5-8,  notice  that  the 
circuit  layout  card  pertains  to  a  two-wi^  automatic 
ringdown  circuit  The  form  indicates  that  the 
ay tomaUc  ringdd\ivT^^  circuij,  as  dctcrmihj^  l^ 
procedures,  is  Pt  64  (private  line  64).  Thr  class  of  ' 
service  for  this  circuit,  as  you  cah>s<x,  is  class  D 
which  is  the  class  of  service  assigned  special 
circuits.  Notice  the  block  label^  Card^o.  In  the: 
cxti^me  top  ri^t  of  thc^r«»rd^  Sec  the  number  [-1 
written  in?  When  a  particular  circuit  requires  more 
than  one  circuit  laydut  record,  the  records  should 
Be  numbered  in  numerical  sequence  such  as  l-l, 
1-2,  etc. 
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llttTlUCTIOlU 

UM.PfncjLpoUr.  Flit  Ukt-ooti  In  dftd  flifi 
do  not  dtstrojr, 


i.  TiuPMONINOr 


2.  RiNC  Np. 

1  CLASS 

m 

KFf  SYS  MO. 


LINE  NO. 


4.  DATE  INStALLID  ' 


%.  ADOMCSS 


5.  fAxrr  NO. 


7;  INSTI  k\m 


9  euiLOiNG  no: 

10.  ROOM  NO. 

11.  LOOf  RES 

12.                     "       NUMBEJI    '  ^ 

13-  TfCfPHONC 

CABU 

fAIR 

TERMINAL 

PINS 

MFl 

COOE 

NO.  EXT. 

EXT.  COOE 

3  r 

* 
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IS.  MISCElUNEOi*S  « 

< 

) 

>              1      '  ■ 
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1  

AFTO  121    fMv.put  comowi  AM  MioLiTc.  TELEPHONE  EQUIPMENT 


MAY  7 J 


LINE  RECORD 


Figure  5"  10.  AFTO  Form  J  21. 
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ERIC 


LOCAL  COMMtiM  ICil^pHS  SEj^tCE  ORDE 


TO: 


Wire  Chief 


SC  Plaice    DRDKR  NO. 


^6  -  101 


Due  DATC 


1^  MArch  19  76 


MAX  tMUM    LIMITS    CS A 


Communicatidns  Officer 


5C  HV  UCt    toe  AT  I  Oti' 

Bui.l^^<T  172^ 


PiUjON    TO    GON  T AC " 

MSot  Cliff 


MA  I  NT  tN ANCl    CS A 


Hanger 


IILLINS  ADDRESS 


CONTROL  NO. 


OATC    Of    SERVICE  RtOUCST 

1  March  1976 


CONTRAC  T    NO . 


0  t B  EC  TOUV  LISTING 

Orderly  Room' 


CLASS  SVC 


TITLE    AND    SIGNATURC    Of    APPROVINC  OmCIAL 


Capt.  David  Johnson ,  Communicatibris  Officer 


PBX    AND   LINE  NUMICR 


RCCPRRI NG  CHARSE 


NON-RCCURRING  CHARGE 


SERVICE    AND  EQUIPMENT 


■Dl STRIBOTION  PLANT  DATA  IN/OUT 


I  NSTALLEIl/DA^TE 


J6 


MATERIAL  IN/OUT 


OUANT I TY 


M. 


DC«C*I^T-M)N- 


^UISCRI BC9/DATC 


f. 


RCCORDG  POGTCD 


CMltr  crtlR 


DIRECTORY  C  LERK 


AF  FEB  IX  IG75  -  :    PRtVlOUS  tDlTION  WILL   BE  UStC. 


TEL    ACTS  CLERK 


ACTC    AND    FIN  Office 


'A 


Figure  5-11.  AF  Fprm  1075  (objcaivc  230.  exercise  I). 
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^  "  immcTfOttt 

#0  iioi  tftstroy. 


1.  liLIPHOMI  NO. 


2.  RINC  MO 


3.  CLASS 


KgY  SY«:NO. 


4.  DAH  INSTAUIO 


5.  PAHTY  MO. 


s:  OtER 


7.  IMitl  lUTH 


i.  AOOMSS 


NUMlEJt 


41 


>X}J|  rUMiNAL 


PINS 


t;  loitDiNO  no: 


-L 


lO:  NOOil  410 


n:  loop  REi 


n; 


mifHONI 


Mm 


cQoc       NO.  err.     ext.  code 


N 


LINE  iELAY 


15.  MItCtLUNCOUS 


AFTO  121  j5*i*»^M  iiimdiii  mi  •moUti.         TELEPHONE  EQUlPiiENT  ^ 

UHE  RECdRD 

.       .  _  ;  _    _._ .  -t         *  ■  .« 

Figure  5-1 2.  AH^O  Form  1 21  (objective  230,  cxcrcifc  I ). 
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mohthLy  storage  rattery  record 


iNStRVCTtONS:    Frvpm    m    itniie-  copy  mhd.  retmtn  in 

'Jtlms  d(  Central  TelepHdhe  OffLCc^  

mtn  Of  aATTtrtv       "  J*,  manuf  actu«c«'» 


s.  mAnufactu 


2.  roa  MONTi^  fNDJNQ. 

31/04/6 


ONE  r  /  ) 


«.  OATC  INfTAt^LfO 


 ^ItXXjLXlU.  VWCLY-KlikdlNOi- 
rR^W  mi  mmm—  ^«n«r  •ama  dmy  ol  aac^ 


PILOT  CSLL  NO. 


-jyQOo  A.M. 

C  K  Ll.  • 
VOL  T  *0  K 

p*K.AX>-iNa 

A  V 

T  KM» 

-  0*^- 

>«OL  r  T  K 

nCMAMKS  • 

J 

2.156 

/.2/6 

66" 

7 

s 

.2./50 

1.2/D 

i 

2.150 

/:2/0 

68° 

/ 

s 

1 

NbTES 

I.  FOLLOW  MANUFACTURER'S  INSTRUCTIONS  . 
ALi^^ASESj  INCLUDING  . S.G.  CORRECTION  FOR 
B  ASXC.TEMP  ER  ATU  RE. 

2:^JF  DATTCRY  IS  EQUIPPED  WITH  CHARGE  IN- 
DICATOR,-OM^T  WEEKLAT^ILOT  CELL  READINXiS 
AHD  TAKE  .MONTHLY  JIEADJNGS  ONLY  OF  ALL 
CELLS.  USNG  TEMPERATURE  OF  PILOT  CELL 
FOR  CdRRECnONS,  f  , 

i,  TO  GQRRicT  SPEOFIC  GRAVITY  READING^ 
FOR  TEMPERATURE  ADD- .001- TOR  -EACH  3? 
ABOVE -OR  DEDUCT  ^001  FDR  EACH  3_  BELOW 
MANUFACTURER'S  BASIC  TEMPERATURE. 

REPORTING  LEAEMTALGIUM  CRtD  pATTERIES: 
\0«ly  rwcord  hytfrmsatwr  raadlAia'dn  indtvidti^l  «ajlB-onc« 


•J^MAJtXSf*>tf'a«ta  emtim  wttteh  b—n  meml^mg  spaclaf 

•ilMiJ •D_^t4 _r«<aa an  .tfiMvJ or,  aJao  ^tm,  rala  of 
•fMr#o  alMf»#o«.  ate.)  ^ 

mr£  m  i-W  CELLS 
.  rnm  .8  AM?  TO  .6AMP^ 

7  m  1&66 


MOMTHLY  niADINCS  -  ALL  CILLS* 


2.152 


CK  L  L 
AOK 


H  y  OBOMi 
_K  TK!i__ 
J^K  AQl»<*« 

oasKP*  vKO 

SVK  C 

cn  A  V 


2  m 


2.152 


2.162 


2.m 


2/52 


2./52 


2.m 


2.152 


/220 


/.  2.20 


1.2.20 


I2.lt 


/.2/0 


.220 


2:i52!  \.±io 


2./52|  /.  2.^<9 


 .  S.W 

2.]Si  LZW 


2.1521  i.226 


2152 


2.IS2  t.2Z0 


2. 162 


2./52 


2./52 


/.220 


/.220 


/■220 


«  2.2V5/.2Z0  66* 


HOC  VT« 


a>*-A-v-i  T  -  - 
c  onnHc  T-CO 

TO  7-rO 


nCMAMKi 


mi 


66' 


66* 


i2n 


LZ17  I  S£E  /. 


/•207  1 


/.2/7 


68* 


66' 


55' 


66' 


66 


16' 


63' 


1.Z07 


I.  Z07 


1.2.0^ 


h267 


4  2.77 


1.2.17 


12JJ_ 


12.17  !  SEE.  2. 


t4SLi7 


1.217^ 


SE.. 


ARPROVKOf^Sitfnatur*  of  Kmcordmr) 


a. 


AUTHOMiziNa  orriciAi. 


AFTO  226 

_^  '         APR  ft2 


PfftCVlpUS  CDtTtONS  or  THIS  FOMM  MAY  BE  USED. 

Figure  5-13    AFTO  Form  226. 
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200 
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MgHTMLY  StdKACe  BATtERY  RCCORD 

MSTRVCTlOlfsS^ 


^par«    in    "^^'^  _  ^qp^  «nc/   ntmin  in 


4.  M^ANUr  ACTunC  R'l 


I.  INSTALLATION 


X.  won  MONTH        OING  ^  7^ 


IflWOT  CCWL  NO. 

a:m. 

_  _C«LL_. 
VOL  T  ASK 

■CnVKD 
•  n  Av 

TKM^ 

,  «_LJtC»- 
THOLVT* 

MIMAIIKS  I 

1  1 

2. ISO 

1  7 

j  ¥ 

1  i 

MOTES 

I  I.  FOLLOW  MAWFACTURER'S  INSTRUCTIONS  IN 
ALL  CAS£S,_mCL!JDING  S:a  CORRECTION  FOR 
BASIC  TEMMRATURE, 

2^I^F  DATTEiy  IS  E_QuSpEI>  WITH  CHARGE  IN - 
DlCATOR,-OMIT  WEEKL^^ILOT  CELL  READINGS 
I  AND  TAKE MNTHLY  READINGS  ONLY  OF.  ALL 
I  CEy^S^  Ugy <^TE>g>ER ATURE  OF  ^ILOT  CELL 

I  ^'^^  CORRECT  SPEOFTC  GRAVITY  READINGS 
FOR  TEMPERATURE  ADD  .001   FOR  EACH  3*_ 
I  ABOVE  OR  DEDUCT  ,OCi  -FOR-EACH^  3^  BELCIW 
I  MANUFACTURER'S  BASC  TEMPERATURE: 

5i,REPO^TrNG  LEAD-CALOUM  QRID_BATTER1ES: 
I  ^yy- ******  h_rdf^«>»«r  _»»dln**__on_lndi»lidu*l-e^U-o«io« 
I  ^1^2  fitL^^       M«*4in«»  ^  mma»  prior  to  mj^ml  • 


'^'^TO  :  °;-  226 


,   jPiirviotii  coitiOHS  OF  thIs  foum  mav  be  ujcp. 

Figure  5-14    AFTO  Form>226  (ohjeaivt23 1 .  ejsplfeiU^*^ 


ERIC 


1' 


The.  rest  of  the  form  entries  oh  the  circuil  layout 
record  arc  quite  simple:  In  the  Lbcaiibh  bipck  of 
the  forhi  ydu  elnier,  for  a  particular  circuit,  its 
icrmjn^iing  pk)iht.  In  the 
Conlroj  Office  block,  enter  the  office  which  has 
primary  control  over  the  circuit."  The  not«i  or 
drawing  block  on  the  front  of  the  car^  Is  as  you  can 
see,  used  to  record" special  notes  of  significance  of  a 
d  ra w i  n|:  of  the  ci  r cui  l . 

There  is  also  a  TROUBt'E  RgPORT  block  on 
the  back  of  the  card  which  contains  six  columns  (see 
fig:  5-8):  All  trouble  reported  for  a  drcuii  arc 
recorded  in  this  block.  In  the  DATE  BY  column 
^h*^lJ^i^^^^_^o"t>Lc  i^^  and  the  initials^ 

of  the  person  reporting  the  trouble:  In  Uie  TIME 
aijjl  LCKT  columns  record  the  time  the  troublp  is 
rcportod  and  the  location  of  the  reported  trdubje^ ' 
in  the  TROUBLE  column  record  Jthe  trouble  and 
Joiir  initfals  if  you  arc  the  one  wbb  received  the 
repon:  In  the  TIME  CtEARED  and  DATE  BY 
columns  enter  the  time  and  date  the  trouble  is 
:  cleared  and  the  initials  of  the  repaifitian  who  clears' 
.  iheJTouble.  __   

There  is  also  a  DRAWINGS  block  on  the  back 
of  the  form;  this  is  for  a  drawing,of  the  circuit  or  a 
continuation  of  a  drawing  on  the  front  of  the  form. 

Eirflrcise  <Z29): 

1.  Use  the  inrorTnaiioh  below  to  annotate  the 
appropriate  blocks  of  the  circuit  layout 
_  '  record /trouble  report,  figure  5-9. 
Circuit  XK5y  is  a  jcictypwc  circuil;  Jt  is  located  in 
the  3 2 7th -fighter  Operations  building  1060,  room 
3.  arid  goes  bfrbase  via  tech  cdritrdl.  Cable  07,  pair 
1 35  is  the  iransmtt  pair  and  cable  07.  pair  1 36  is  the 
receive  pair  going  to  the  exchange  (building  742) 
t^'P„^*''I^^D8  J^^-  Jj_  crbss-jx)rihccts  at  the 
exchange  and  goes  lo  tech  control  (building  121) 
via  cable'Ol  ,  pair  17  is  the  tr^bismirs^nd  pair  18  is 
the  receive  going  to  tech  control,  whi\h  is  the  con- 
trol office.  '  • 

230«  Given  mformaiion  exirscietl  froiii  XF 
Forms  1D75,  make  enirlc^  pin  AFTO  Forms  121 
ftiid  identify  other  AFTO  foriii^  affectiid  by  ihe 
entries. 

Line  f^ordi  AFTO  Fortti  121.  The  line  record 
form  is  used  to  maintain  £p  suE^scriber's  telephone 
^^,line.  With  the  c^^^  9r**^L?njrics,  the  same 

information  app-ears  on  this  record  Ss  that  appear- 
ing on  the  telephorie  communications  se rvice  order* 
(AF  Form  1075):  Figure  _5-rO  show^  the  AFTO 
Form  121.  Referring  to  the  line  record  in  figure 
5-10  arid  the  communicalibris  service  order  in 
.^^^^gpre  5-2.  voo  can  compare  and  s^^e  that  entries  1 . 
3.4,5.6.  7.  8.9.  10.  and  I2ofth'ji  ne record  form 
can  be  filled  out  from  the  cop'  indications  service 
9^der. 


vyill  briefly  explain  those^cntrics  that  cannot 
be  filled  out  by  fefcrririg  to  the  obmmuriicalions 
service  o(rder.  In  item  I  1  enter  the  loop  resistance 
of  the  syfbscribcr's  line.  Usually  the  reining  of  the 
ioop  resistance  ii  obtained  with  a  WhGitsionc 
bridge.  !n  iicrkn  13  you  enter  inforrnatuw  pertaining 
to  the  .lejcphoric  iristrurpcht  Thc  rriariufacturer  of 
the  instrument.  Western  Electric  (WECO),  is 
eritered.  Also,  an  entr>'  is  riiade  iridicalirigjhat  the 
telephone  *is  a  wall  or  desk  type  fW'  or  D)^ 
Furthermbre.  note  that  the  code  of  th^  telephone 
,  (500)  is  entered.  InJlcm  14  erijer  the  number  of  the 
iine  relay,  associated  with  tiie  subscriber's 
telephorie.  Iicni  15  is  reserved  for  nii seel lancous 
information.  For  instance,  if  the  tclcphdnc 
instrument  his  a  tWQ-\vay  key,  enter  that 
irifdiTOation_in  the  riiisccllandDus  bl<M!:J^^ 

The  reverse  sjde  of  the  line  record  card  (not 
shown)  is  used  to  recgrd  all  troHiblcs  reported  dp  a 
su^C£(bcr's  telephone  line:  Coiumns  arc  providjsi 
to  showthe  date  and  time  the  trouble  was  reportcd, 
who  reported  the  trouble,  the  trouble  found,  its 
cause,  and  the  work  done  to,  correct  it  Also  spaces 
are  provided  to  enter  the  date  and  time  the  trouble 
was  cleared  and  who  cleared  the  trouble. 

Exercise  (230): 

I .  Use  the  informaflon  contained^n  the  AF  Form 
1075,  figure  5-11.  lb  annotate  the  lirie  record 
card.  iSgure  5-12. 

231.  Given  a  pwrtially  complete  aItO  Form  226 
and  the  neceiu^^  itfbhnatiM  niake  appropriate 
entries  and  calcttlaf 


Monthly  Stbrage'Vattery  Record,  AFTO  Form 

2d.  The  purpose  of  a  battery  record  to  maihtaih, 
on  a  monthly  basis,  a  historical  record  of  the 
cbriditibn  of  the  anitral  iggice  batteries.  Vigure 
5-i3  illustrates  the  central  omce  battery  record:  In 
refererice  to  the  figure,  you  can  scr  that  the  form  is 
dcsij^cd  to  record  all  pertinent  inforrnatioh  for 
baiicry  ceils.  For  instance,  under  the  heading, 
Mbrithly  Reading— All  Cells,  entries  are'made  for 
each  cell  of  a  26-celj  baitsry. 

Reading  from  left  to  right  for  cell  I ,  you  can  tell 
that  provisibhs  are  made  on  the  r©iX)rd^tb  enter  the 
"cell  voltage^'*  "observed  specific  gravity,"  and 
"teriijxratiire"  of  the  electrolyte  in  the  battery  cell. 

In  the  left-hand  portion  of  the  form  notice  the 
wording:  Pilot  Cell  Weekly  Readings.  If  your 
central  bfficf  batteries  do  not  have  a  battery  charge 
indtcator^you  should  record  a  pilot  <X\\  weekly 
reading.  The  number  of 'the  cell  you  choose  is 
determined  by  your  supervisor  or  yourself.  (Usually  | 
it's  the  cell  closet  to  the  middle  of  the  battery.) 
Enter  the  cell  number  irijhe  Pilot  Cell  No.  block. 
Also,  enter  the  exact  ti^ne  you  read  the  ceil  as 
indicated  in  the  Time  ^lock  of  the  storage  battery 
record  in  figure  5-1 3  The  rest  of  the  cntrics,for  the 
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pilot  celt  arcL  entered  under  tHe  CeiL  Voicage. 
HydipfiKtcr  Ftc^  Spec  Gray,  arid 

Tonp  of  EicctToiytc  biodo.  As  yoa  can  see;  no 
specific  gravity  c^jrrectibns  are  made  for  pilot  ceils. 

Tte  jest  of  the  bBttety  record  in  figure  5- 1 3  is 
se4f-cj(pianatory«  such,  as  the  battei^_.number, 
immtficmre^  niiTMe  of  batt^^,  etc  Nqtibe  the 
Remarks  coinjnn^  You  can  see  that  the 
information  contained  in  them  is  flexible.  Any 


ihrormatrbh  pertinent  to  the  coridinjion  of  the  bat- 
teries can  be  entered  in  these  columns. 


Exerciie  (23))x 


Use_che  infojmtttion  below  to  complete  the 
AFTO  Form  226  (fig.  5- 14).  and  make 
ntcsaaary  calcutations.'  * 

a.  The  voltage  of  ail  cclb  is  2: 1 5  volts: 

b.  The  manufacturer's  basic  temperature  is  7 1 


J 

iCHAPTER  6 


V 


KlaiTual  Central  OfHca  Equipment 


DO  YOU  REMEMBE^^^  air>wi^Kad  to  do  ti^ 
make,  a  phone  call  was  to  lift  the  handset  to  your 
car?  If  you  have  never  exjxrjenced  this  yourself, 
you  have  probably  seen  it  in  the  movi^  or  on  TV 
With  the  cbminj  of  dial  and  e:i^ctronic  switching 
sys^Unm,^e  the  old  n^ual  systems  much 

thought ^ese  davs:  llie  Air  Force  still  has  some 
manual  teiephpnrt  systems  in  use  today.  These 
miinu&^l  systettis  meet  certain  needs  more 
economicaiiy  'and  just  as  reliable  as  the  newer 
automatic  systems.  i  _    _  _ 

At  many  of  the  smgll  Air  Force  radar  stations  the 
AN/FTA-13  ^laIUla]  telephone  system  is  us<Ki. 
Comf^red  to  the  automatic  systems  you  studied  in 
Tech  School,  this  system*s  circuit  operittions  are 
'^^^yS^V^ '\S\  _  fc^r  cdrhpbhehts  and . 
requires  less  test  equipment  for  the  per^rnmance  of 
PMIs.ahd  maintehahce. 


erfi^nma 


6-1.  System  Components 

_^  In  of dcf  ta  insj)cct  or  maintain  the  AN/FTA- 1 3 
manual  telephone,: you  first  need  tp  know  what  it'  ' 
l€>oks  like,  and  the  basic  purpose  and  fiihctibb  of  its  , 
cmajor  components:  ^ 

231.^^ycii  i  cdmpbb^iits'iuMl^^l^^ 

of  purpose  or  fonciions,  match  the  Elements  to 

tbe  |>rbpcr  codiponents.  ^  ^ 

The  Qurj^se  of  the  AN/FTA;  13  manual 
tclcpho he  system  is  to  ^Ifi  1 1  the  commiin  i cations  \ 
requirements  of  radar  stations  and  their  relafed 
radar  hetworks^^  It  provides  for  selective  inter- 
com m  a  n  i  cati' on  a m o n^g  site  pc fs o n n c  1 . 
Cohimunication  by  telephone  Sine  or  by  control  of 
r%4*o  link  with  radar  Itiel tcrs ,  infqrrnatibh  cajtcri , 
and  inflight  aircraft  are  also  C3)^bi]ities  of  this- 
particular  ^stem.  The  backbone  of  this  system  is 
probably  $ome*/hat  different  frcffn  others  you  tfevc 
seen  or  studied.  In  addition  to  |£e  PBX  switch- 
board, this  system  Uses  ah  opcif^t^^<  telephone 
circuit  (  W)  line  uhit^  *      *  ,  . 

Switchboard.  Since  the  switchboard  is  normally 
the  first  component  thought  of,  when  manual. 


telephone  systems  are  mentioned,  we  wi|t  ^tart, 

there.    -  .      ■        |  ^ 

^  Face  :*&fuipment.  The  face  ^aiptncht  of  ^^thc 
switchboard  (see  fig.  ;6- 1 )  includes  the  jacks  and 
lamps  anociaj^^vHth  m  liife  aniTobmrnbh 

battery  line  circuits.  The  lamps,  jadb,  and  dial^keys 
for  think  cijftuit&^as  well  as  a  hand  generator,  alarm 
lamps,  night,ajann,  and  position  switches  are  also 
part  of  the  face  equipment         -  _  J 

6-i  contains  many  of  the  componenta-^und  on  the 
attehdaht*s  cabinet  in  ah  aiitbtnatic  exchfl^^e.  Some 
-  of  the  different  items  are  an,  additional  row  of 
{magneto)  supervisory  \smp$  and  the  talk*  and  ring 
functions  which  are  hanc^^ 

the  monitor  ftinction  ii  not  needed.  The  operator 
monitor  callis  by  operaihig.  the  talk  key  for  a 
-given  cord  and  not  operadng  the  posh  to  talk  key  on 
his  handset  Without  the  circuitry  lodged  on  the 
rclay^|atc,  at  the  of  the  swiu:hbda^!S^ 
useless:  The  relay  gate  contains  the  universal  cord 
circuits  and  the  switchboard  circuitry  for  niaghetb, 
common  tmttery,  and  trunk  circuits. 

MafQ  EMmibiitiiig  Frame  (MDF),  The  main 
distributing  frame  for  thiis  system  is  similar  to  others 
you  have  seen:  it  cotBillts  of  two  sectioiis. 
be  iocate^^side  by  kide  of  in  two  lo^tions  within 
the  exchange.  &«p^rt^nc  (fi         iUjniil^r  to  the 
M^F  in  an  automatic  tej^^HMie  exchange:  The. 
vertical  side  is  equipped  witm  protectors,  three  ' 
vertiSNs  of  one  htindred^isd;       protectors,  Jqr  ^ 
three  hundred  outsid^termir^tio^.  A  protectof 
iUann  circuit,  similar  to  those  yca^saw  in. Tech 
School  is  aiso'inctud^:  llie/horsc^italySide  of 
sembn  phe  has  ten  2  x  2Q  tenpmal  blocks,  to  which 
circuits  frorti  the  relay  rack  aretterminatixi.  Section 
one  of  the|MDF  is  used  to  cTDSs^connca  tSe  outside  .  ' 
lines  to  the  j^ily  rack  circuitry.          :  \ 
'.Section  two  (fig-  6-3)  of  the  MDF  can  be 
^^tnpared  to  the  ihterm^iate  distributing  frame 
(IDF)  in  im  aatomatic  exchange.  The  veiti^l  side , 
has  ^  twenty  5  x  21,  tej™  rial  blocks  Wh 
tcnniha^  ^up  to  ^00  lines  |rpm  the  operator's 
telephone  units  (10  mc)^  The  hbrizotiial  side  has; 
three  5  x  20  terminal  blocks  whick  connect  to  6C 
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Figure  6- 1.  PBX  switchboard.  AN/FTA-13. 
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nngdovvTi  (magneto)  ciroiiis  in  the  relay  rack  and 
.one  3  X  20_tcnrtiria]  block  ODnnccied  to  the  radio 
control  circuits  in  the  relay  rack.  A  fuse  panel  and 
fuse  alarm  control  for  the  operator's  tclephdrife 
anis  are  also  located  on  section  two; 

telephone  Test  Set.  The  telephone  test  set  is 
ndthirij  more  thfim  a  ^hows  the 

face  equipment  and  test  panel;  figure  6-5  shows  the 
rear  view.  We  discuss  the  tclcphdhe  test  set  later. 


Operator's  Telephone  Circuit  (10  liine  Unit); 
The  operator's  teiephone  unit,  figure  6-6.  allows 
direct  commuhicatibh  between  the  operating  post^ 
'  of  the  radar  station  and  selected  radio  channels  and 
magneto  line  telephone  stations.  It  is  equipped  with 
the  necessary  keys  and  supervisory  lamps  for 
making  outgoing  calls  and  answering  incbmih^ 
calls  from  the  .telephone  and  radio  channels 
cdhncctal  to  it:  It  also  contains  a  night  alarm 
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Figure  6-3.  Main  Uiitrihutihg  tramc.  soctiun  1\ 


1  10 

2<; 


ERIC 


2oz 


-cooooooooo 


8  8  «  8  8  ^  8  8  g 


oooooooooo 


8  8  8  8  8  8  fl 


g  B  ^  n  8  R  R  ^ 


to  II 


1 

Rftdib  Line  Jacks 

12 
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"TEST"  Jack 
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17 
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7 

Rs  cord  ing  Jacks_ 

18. 
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Operating  Instructions 
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Figure  6-4.  Teil  board  (panel),  face  equipmenl. 
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RELAYS  FOR 
MAGNETO  LINES  1-60 
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TERMINAL  STJWPSPOR 
MAGNETO  L4NES  21-80 
WIRED  SAMC  AS  A80VC 


TERMINAL  STRl^  FOR 

RADIO  LINES  2i-40 
WIRED  SAME  AS  ABOVE 

Figure  6-5.  Test  board  (panel);  rear  view; 
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^  .cj^Giut^jgfec^                            signaling  of  system  cail  be  affang«i;  a  typical  arrarigemerit 

'  in^^Mg  is  seen  in  figui^  6-7.  : 

— ^^^^S  isii^S^^^'fe    bb  lAno  /rrr^  i^  ^'g¥?l^?-7  IIk>ws  dj>^tdrs  10  liric  telephone 
5                         ^"^^^  '    t^its,  connect  by  cable,  throagh  the  MDF  (sectioii 

^udq^Ms  ^qO^pcd  wuh^  four  6.voIt  storage  magneto  (mag)  and  radio  line  equipment 

*  mountwl  in  the  relay  rack. 

'2t^M.*^t^rat>"l^'^c^^^f''^ocncy_dDnvcrtcr  for  ,    r-        ^  -7  r  •  u  -- 

^^v^^ng  tfi^  prim^y"^  source  to  75  to  90  volts,  r'^.^r^E'l.'""!       "^"^  ^l""  ^ 

"'i&J^fe  rin^UiE  cuffent  '  °^      MDF,  The  lelcphdnes  for  the  rwit 

M^^^liy  Rack- The  relay  racic  serves  as  a  sw  °f         slte^fficcs,  ^barracks,  and  shops  are 

ii^idfribr  applying  sipal^  ringing  current  dh  cdnncct(5^,through_  Jfce 

il^oming  or  outgoing  calfc^m^eto  lines  and  for  termmal  blocks  on:the  hc^nzontal  side  of  Ae  frame 

•  c#ilching  from  re*iv£no  tfinsm^t  on  radio  magneto  and  common  battery  (CB)  lines  and  to 

chagnels.  It  also  cohtains^^  wire  ihiefs  t^t  panel  transmit,  receive,  and  control  circuits  (radio) 

and  toggle  switches  -  for  control  ofj  the  radio  ^ 

.  -trarisniittcr  ba^^                                        :  _  At  the  bpttom  of  fijgure  6-7  arc  the  switchfc^ 

The  relay  rack  is  equipped  ^¥p1Si  60  ring-down  and  the  jgower  unit  Tfe  switchyard  is  cabled  td 

relays  and,6D  ringing  relays  fp/  magneto  circuits.  It  the  CB  lint  equipment  in  the  relay  rack  and  also  to 

is  aUd  equipp^  with  20  gr^und-td-air  switching  a  limited  number  of  mag  lines.  The  power  supply 

relays  for  the  radio  channels;  20  battery  control  tonishK  DC  and  ringing  cmtcnt  tt)  the  relay  rack 

switches  foj"  the  radio  transmitters;  4  recorder  jacks  and  the  switchboard  and  DC  (battery  and  jround) 

Md  asociatcd  ro"tary  switch«:     ^  to  the  fu3^  panel  oji  section  two  of  the  MDF  and  a 

^  Eqdipiiieiit  Relaiioiisbips.  There  are  many  ways  ^  ground  only  to  section  one  of  the  MDF. 
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Figure  6-6   Operator's  telephone  unit.  10  Ime 
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Figure  6-7.  Typial  conriguratlon  of  An/FTA-13  manual  tckphone  system. 
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ExerciMS  (232): 

Match  the  statements  (column  B)  about  manual 
Ntelcphonc  systems  to  the  comp>dnerits  (column  A). 


:  i: 
.2. 


.3. 
.4. 

.5. 

.6: 


Colwm  A 

Operitbr's 
telephone  circuit 
•  (10  line  unit). 
MPE  .(•cciipn  one). 
Pow"  jMppiy- 
Relay  rack. 
N^F  (ieetion  two). 


Column  B 

Serves  as  a  switching  tu- 
tibh  far  die  lystan: 
Terminates    the^  site 
Aibacriber^s  lines  to  oqtiip- 

mcnt  tenrnnal  bl<x±s.  

Ha*_  ■ccew  to  magneto 

lines :an<l  radio,  lines.  

ProoesM  calls  for  CB  and 
mapicto  lineiubiQihefs. 
Talniha^  the  dpaatbr^s 
telepbone  uiiits  to  mag- 
neto and  radio  linea 
Provides  ringing  current 
and  _  DC  to  the 
iwitchboard. 


-^2.  SfHtchiioiird  uidAflMCi^cd 

I  Nqw  that  vou  have  seen  thfr^iiystem's  pa^^ 
hmf^bns,  aiid^sic  arrang^(^nu  you  need  some 
ideaSal^l^^Mthc  drcuitry  of  the  various  parts  work. 

2^  t^^  foldoi^dlBmscd  in  ^^^ 
idcutlly  the  actions  tbt  occnr  in  llic  switciiiMMurd 
iiid  iwdcintcd  ciroilts  dnring  operation  sad  state ' 
wint  /effects  those  notions  luive  on  ttnociat«i 


In  this  s^on  we  Idbk  at  these  calls:  ( 1 )  a  J  Q  line 
unit  to  annlag  line,  ^)  a  itiag  line  call  to  a  10  line 
unit,  (3)  a  CB  line  calling  through  the  switchtoard 
to  a  mag  line,  and  (4)  a  mag  line  calling  through  the 
switchboard  to  a  CB  line:  _  

Cill  Frbn  a  10  Line  Unit  to  a  Mag  linl. 
Foldout  1  is  tl»e  schematic  dia^^^bf  the  operator's 
tbiephone  ctrouit  (lO  line  unit)  and  foldout  2  is  the^ 
schematic  diagram  of  jIk  magneto  line  circuit  Lxt  ^ 
OS.  astrnie        an  operator  needs  to  talk  to  Jhe 
«ib«cnber  on  line  1  of  his  10  line  umt  His  first 
move  is  to      it^t  line  is  busy:  He  do«  this  by 
looking  at  the  busy  (BSY)  lamp  for  that  line;  if  it  is 
hot  lit  he  can  proce6d.  Sjnlc^^ 
he  must  si^^ihe  called  party;  he  docs  thi>  by 
operating  the  RING-TALK  key  (Icvg^  switch)  to 
theRING  positidh  (sM  foldout  1 ,  lower  right-hand 
comer).  J>   

Rini  key  o^^^ed.  Vi^itn^thc  ring  key  for  line  one 
is  operated, ci^aces  a  ground  through  Jx>otacts  IB 
smd  2B  of  the  key,  put  the  S  lead  tcfthe  S  lead  of  this 
itiag4ijie  (fplddut  2)  being  called. 

Coming  into  the  magneto  line  circuit  from  the 
IP  line  unit  (Icft-hamd  sid^^       ^oA^9"^  2)^ 
ground  on'the  S  lead  causes  relay  RR  to  operate. 

ReJay  RR  operates.  When  relay  RR  in  the  mag 
line  circuit  operates  it  cIdsk  contacts  2  and  3  and 
contacts  22  and  23,  placing  ringing  from  the 
generator  circuit  out  to  the  called  line,  causing  the 
phone  to  ring. 


Ring  key  reims&iand  mik  ktyj>p^&i\  After  a 
second  or  two  the_Dperator  releases  the  key  from  the 
RING  pbsitibn.  This  bf^ns  contactt  1  Bjm 
the  ring  key  (foldout  1)  and  removes  the  ground 
from  thc  'S  lead  in  foldout  2.  This  causes  the- RR 
nfilay  Jh  tec  mag  line  ciraiit  to  releas|^^  This  docs 
two  diings:  (l)it  removes  ringing  current  to  the 
called  line  b6cai&^cbhtacts^  and3  and  contacts  22 
and  23  open  and  (2)  it  psatiaiiy  closes  the 
trahsmissipn  path  between  the  operator's  unit  and 
the  called  line  bemuse  contacts  1  and  2'puid> 
contacts  21  and  22  close. 

When  the  10  line  wift  aibscn 
k^to  the  TALK  posiion  (foldout  1 )  the  followiii 
events  happen: 

(1)  Cbntacts  6D  and  7D  close  the  circuit  to 
relay  SW  of  the  10  line  unit  it  operates. 

(2)  Contacte  4D  and  5D  close  j^ic  circuit  to  the 
busy  lamp  bf  the  cir^it  in  use,  causing  it  to  light 
_  (3)  Contacts  2D  and  3D  and  contacts  2C  and 
3C  partially  close  the  trahsmia^ipii^ 

^^^^^i^hwi  relay  SW\^^  it 
connects  the  secondary  winding  of  the  wduction 
coil  to  the  line,  cbmplctihg  the  trazismission  path^^ 

When  the  ^11^  subsoiber  answers  his  pfa^nc, 
conversation  takes  place.  The  Itamisets  of  the 
calling  and  called  partia  are  both  the  push-td-talk 
type;     _  _    _  J 

Call  From  a  Mag  U|w  to  a  IOIJm  JLJnit.  T^^ 
sut^icriber  (mag  Iffi^  connected  to  line  10  of  the  10  1 
line  unit  initiates  a  dall  to  the  yhit  by  derating  the 
hand  generator  of  his  instrument.  This  place  > 
ringing  current  on  the  line  into  the  magneto  UrieXy 
circuit  (foldout  2,  fight-hfimd^^^^     causing  relay 
RU  to  operate  to  its^"X"  contaas:   

The  path  that  gperates  the  RU  relay  to  ijs  "X" 
contacts  is  thrdu^  contacts  23  and  24  and  the  b-d 
winding  of  the  RU  relay. 

1W  relay  oj^mH^  to  its  **X'jC(mtacts,  When  the  I 
RU  relay  operates  tb^its  "X"  contacts  (1  and  2,  and  \ 
21  and  22),  they  clo^  a  path  to  fully  bpcrate  the 
RU  relay,  ^ 
-  RV  relay  operates  fidly,  RV  operates  fully  and 
nblds  dpcratod^QDhtacts  23  and  24  bf^^  dpcning 
the  path  that  operated  the  RU  initially;  this  action 
k<^f»  the  relay  from  chattering  due  tb  the  AC 
com;ng  in  on  the  lirse  from  the  calling  party. 
Conta,cts  3  and  4  of  the  RU  place  a  ground  on  the 
liL  (line  lamp)  lead  tb  the  Ip  Im  unit  (fdlddut  1 ). 

Look  at  foldout  1  and  fmd  the  LL  lead  for  line 
10.  The  jground  comes  in  on  that  lead,  through  the 
INC  iaity)  to  the  ni^t  alarm  (NA)  relay  winding  to 
batteiy.  The  NA  relay  in  the  10  line  unit  is 
miiltiplcd  lb  all  thc^  incoming  lamp  leads,  in  the 
unit:  The  INC  l^p  lights  and  the  NA  relay 
ojjcraics.  If  the  switch  is  bperat«i  cpntacts  3 
and  2  of  the  NA  relay  close,  operating  the  buzzer; 
this  warns  the  operator  there  is  an  incoming  call. 
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,  The  operator  operates  the  ^ING-TALK  key  to  il\c 

taW^ey  opemted.  When  the  TAtK  key  (foldout 
1)  is  dpcraiocl  irdocs  all  of  the  same  things  it  djd  in 
■  the  prcvidusv^disc^^  plus  one  other.  Contacts 
4D  and5D/ in  addition  to  lighting  the  busy  lamp  on 
the  1 0  line'  unit,_|)laoe  the  same  grbur^^^  out  the  BL 
ies^  to  the -magneto  line  circuit  (foldout  2)  and 
shunts  the  hold  path  of  the  RU  relay,  causing  it  to 
rcl^sc.  _  _ 

.         RUreU^ relwes-  Wheh  the  RU  relay  (foldout  2)  - 
*     rcleas«,  its  3        ^  oon^as  open  thc^incdmihg 
^     lamp  circuit  of  the  i  0  line  unit  Conversation  can 
thep  take  place. 

.  Call  Froiii  a  CB  Line  to  a  Maf^Mto  Line.  I  n  this 
A,    discussion  we  use  foidput  3,  PBX  switchboard 
common  battery  line  circuit;  foldout  4/ PBX 
^itehboard  universal  cord  circuit;  foldout  5,  PBX 
Svltchboard  operator's  circuit;  and  foldout  6,  PBX 
witchfejwd  magietp  lii^^^  Let  Us  st^  wit^ 

folddlit  3:  Our  railing  subscriber's  line  comes  into 
the  exchange  by  vvay  of  a  vertical  prbtectbr 
a&^mbly  bri  scctio^^  of  the  MDF  and  is  crc»s- 
connected  to  a  terminal,  block  on  the  hoiriiontal 
side  of  the  frame  From  the  teiroirial  bba^ 
cabled  through  a  pair  of  test  jacks  (shown  in  fig. 
6-8)  located  on  the  relay  rack.  Fpr  pur  purpose  the 
sub^nil^r  is  cdhhe<ncd^td  the  T  and  R  l^[ds  going 
to  the  test  jades. 

subscriber  lifts  his  handset,  it  .places  a  loop  across 
the  tip  (T)  and  ring  (RJ  le^  of  yicjx[mmpn  battery 
circuit  (foldout  3):  This  closes  a  path  from  ground 
through  contacts  of  the  switchboard  line  jack  to 
tettCTy  iii  the  NA  circuit  This  catisiS  the  line  (INC) 
lamp  to  light  \  .  . 

SwttcHboard  operzaor  unswen.  The  switchboard 
operator,  upon  secmg^thc  Ughtod  Uric  lamp>  ihsertt 
^  an^c^(rear)  into  the  line  jack 

of  the  circuit  This  action  opens  the  ^ntacts  of  the 
liricjlkk,  and  puts  butthc  line  lamp. 
the  starve  of  the  line  jack  makes ^ntact  Avith  the 
sleeve  of  ^  answer  cord;  dpcratijJg  the  RS  relay  in 

the  cord  circuit  ~  

Relay  RS  c^perm&.  Mften  refty  RS  operate^  its 
contacts  24  and  25  pjyg  ^tteiy JiirpU^^  its  b-d 
winding  on  the  ririfiiprof  the  subscribdr^s  line  and 


contacts  21  arid  22  place  ground  through  its  a-c 
winding  ph_  the  tip  side  of  the  subscrib<^^^^  line. 
Since  the  subscriber's  line  is  a  ioop,-a  p^th  for Telay 
RB  is  cdriipletcd.  The  cbritacts  of  relay  ltB>^d 
nothing  at.  this  time.  •  - 

Operator  operates  talk  key.  When  the  switchboard 
operator  pfMirates  the  talk  fc^,  itpujs  theo^fator's 
circuit  (fpldout  3)  across  tip  and  ring  of  the_cord 
circuit'  Notice  that  the  operator's  transmission 

Siparattsl/bldckal  ffora.the  filing  party's  . 
transmission  battery  (suppliwl  by  relay  RB  in  the 
cord  circuit).  This  is  ddrieby  capacitors  Cl  and 
of  the  operator's  circuit  If  the  battery  were  not 
blocked,  relay  FB  in  the  cord  circuit  would  operate. 
x<*Cdnycrsation  j^aia^.  Our  calling  party- 

asics^for  connection  to  a  switchboard  magneto  line. 

Operator  accesses  magneto  Vine  circuity  T)\;t 
operator  plugs  the  csll  cord  into  the  proper 
.  magneto  line  circuit  (foldout  6).  Notice  that  the 
s[eevc  j)f_yic^inag  line  jack  is  open.  When  the  plug 
(cailjdj^oserted  it  opens  contacts  to  remove  the  RU 
rclay"xK3ldout  6)  froni  the- circuit  amd  the  operator 
is,  for  all  practical  purpose,  direcdy  ^CT^  the 
ialicd  p^rty'i  lirie.  The  operator  operate  the 
TALK-RWG  key  (foldout  5)  ^o  the  RING 
position,  closing  a  circtiit  from  the  ringing 
gencnatbr  circuit  out  the  call  cord  to  ring  thejoiWcd 
party's  phone:  Notice  in  foldout  5  that  ringing 
curient  can  only  be  afjplied  using  the  call  cord.  The 
operator  then  operate  the  key  to  the  talk  position 
to  s«  jf  the  called  i^rty  answers.  If  he  docs,  the  key 
is  n^rhed  to  the  riormal  pbsitidri.       ^  _ 

OdI  Fron  ii  MKpwto  biae  to  a  CB  tine.  In^ 
order  for  a  riiaghetd  line  siJ(l»criber  to  signal  the 
switchboard  dperator  S^i  operates  the  hand 
generator  of  his  instnment,  placing  ringing  current 
across  ti p  and  rijig  ^  the  ma^etb  line  circuit 
(foldout  6)  through  me  closed  line  jack  contacts,  /^ 
contacts  23  arid  24  of  relay  RU,  and  the  b-d 
Winding  of  the  RU  relay:  This  cause  the  RU  relay 
'to  operate  taits  X  contacts.  Contacts  1  and  2  close 
ah  operate  (full)  path  fo^^ 

RU  relay  operates  fidly.  When  the  flU  reiay 
operate  fully  it  opens  its  contacts  23  and  24, 
rem^oving  the  AC  from  the  upper  winding.  Contacts 
3^rid  4  of  relay  RU  close  a  path  through  the  INC 
lamp_  on  the  switchboard  to  battery  in  me 
switchboard*s  NA  circuit,  lighting  the  INC  lamp. 
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Swiidiboard  operator  answeh.  The  switchbq^d; 
operator  plugs  the  answer jcdf d  into  the  magtjcto 
line  jack.  Remember  tjjafthcre  is  no  potential  on 
'  the  sleeve  of  the  line  j^k.  This  m<»hs^^ 
in  the  copd  circait  opera^:  Inserting  the  answer 
cord  plug  ijnto  the  line'  jack  opens  contacts, 
releasing  tiK^RU  Wh^Jte  RU  relay  rclcai^, 
the  circait  through  its  contacts  3  and  4  opens  the 
path' of  the  INC  lamp.  The  operator  then  operates 
the  jalk  key. 

Talk  key  is  o^amed,^^^^tn^c  opemtor  opei^KS 
the  talk  key  he  bridges  the  operator's  circuit 
(fbldout  5)  acrcMS  the^transniim  J^th  of  the  cond 
draiit  jfoidom^);  A  rt^neto  line  sobsciiber  is  not 
prfii/jf^f^  tran^,"i^«f^™  hftttgfy  iin  there  is  no  need 
for  the  RS  or^LB  re^l.jfj  tlM^^  «>rd jcirojjt  to, 
operate:  Tbc^^opcfuior  talks  with  the  deming  party 
and  finds  put  whom  he  wants  to  be  connect  tb^  In 
this  (ase  it's  a  CB  sabscriberr      ^  , 

OpffyOdr  qaxsses  Cff^line.  y/Yi^ 
pji^  the  cair  ^rd  of  the  cord  circuit  (foldout  4) 
into  the  line  jack  of  the  CB  line  circuit  (foldout  3). 
the  grwndljn  Oic  siw  close  a 

path  to  the  FS  refty  in  the  cbrd^  circuit 

Ke^y  FS  opermes.  Cqntiuits  24  and  25  and 
contacts  21  and  22  of  relay  JFS  prepare  a  path  for 
relay  FB.  Contacts  1.  and  2  of  rcLg^  R  claw  a 
li^tingthe  ^1  cord  (front)  supervisory  lamp.  This 
indicates  flie  <^Ued  party's  phone  is  pfa  the  hook 
'  sihd  not  in  use.  Tte  operator  opet^  ring  key  at 
.  this  time,  conn«ning  rin^ng  current  to  the  called 
linr  The  key  is  thai  g^turncd  to  the  T/JJCjx^iu^ 
for  the  operator  to  sec  if  the*  party  has  answore^^ 

C^ted  Jp^Xt  iCB  tine)  mswers.  When  the 
common  battwy  stibscriber  answers,  a  loop  is 
cqmplctcd  across  tip  auid  ring  of  the  line  by  his 
phone  Qoaing  the  FB  relay  in  ^  cord  ciroiit  to 
openie. 

FB  relay  operma.  WfiSi  relay  FB  opcrat^  it 
contacts  3  and  4  break,  ogming  ot  .^?^!^ 

call  cord  supervision  lamp^  Relay  FB  prbviics 
transmission  battery  to  the  common  battery  sub- 
scriber. 

Exerciaei  (253): 

Ideiitify  the  actions  that  occur  in  Se  circuits 
indicated  below,  for  the  specified  part  of  the  circuit 
operation. 

i.  tine  one  receives  a  call  from  a  magneto  line 
subscriber.       _  | 
a.  What  happens  in  the  magneto  line  circuit 
(foldout  2),  when  the  calling  party  operates 
his  hand  generatpr? 


Circuit  (foldout  1),  line  1;  follb^ng  the 
actions  in  thie  magneto  litiie  circuit?  Why? 


c.  What  happens  in  the  magiiirtb  line  cirdiit, 
when  ti^  operator  mby^^  TALK-RING 
key  to  Ac  TALK  position?  Why?  (Foldouts 
1  and  2.) 


d.  What  happens  in  thc_  operator^OKlcphonc 
circuft,  when  the  TALK-RINQ  key  is 
placed  in  the  TALK  position?  (Foldouts  i 
and  2.)  •  ; 


2.-  A  ^riij^on  battery  sutecriber  (foldouts  3  and 
4)  makes  a  oaW  to  another  cdrtipibh  battery 
sul»criber^       _  ' 
a.  What  happens  in  the  PBX  swijcbboard 

common  battery  circuit,  when  the  subscriber 

goes  off-hook?.  Why? 


b.  What  happens  in  the  cord  circuit,  when  the 
switchboard  operator  answers  the  call?  ^ 


c.  Wfi|t  happens  in  the  and  obitiinbn 
battiery  iine  circuits,  wBfen  the  operator 
inserts  the  call  cord  into  the  hne  jack  of  the 
called  party? 


6-3.  troqbteshootitig^jpproacb 

Have  ybu  ever  taken  ybur  car  to  a  garage  to  have 
some  trouble  fixed?  Hbw  did^  the  mechanic 
abroach  the  problem?  Did  he  start  replacing  parts, 
ho$in£hc  wbu|d  hit  ufwin  the  trouble  or  did  he 
systematically  pin  it  down  to  what  was  really 
wrong?  _    :     :  _    :     _  _ 

Replacing  pare  until  you  luck  oat  and  clear  the 
trouble  is  a  sbrry  way  to  trbublcshbbt  and 
evctittially  cljMif  troubles.  It  wastes  time  and  part;s: 
There  is  a  ^tter  -way. 

In  this  sebtion  we  discuss  a  systematic  approach 
to  tr^ubleshbbtihg.  It  is  iibt  a  ciife-all,  and  it  1$  not 
going  io  clear  all  your  equipment  troubles  in  a 
flash;  it  is,  however,  the  best  method  presently 
known. 


b.  What  happens  in  the  operator's  ^ephone      234.  Ffom  a  list  of  IroublesboQtlng  $te|)w  and 
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explaiiatiblis,  taaich  ttie  steps  to  the  proper 
expiantioiEi; 

TrdUbI«hobting_is  «^p^  to  Ideate 

faults  iiLccntral  office  eqaipment  to  determine  t^^eir 
'EXACT  causc(s).  After  Ideating  the  cause<s)  you 
makethe  reiaifs  n«»ded. 

We  use  a  six  step  procedure  tfiat  has  proved  itself 
over -tlM5  y^rs.  The  six/stcps  are? 
^    •Recognize.  J 

•  Localize.  ^ 

•  Analyze. 

•  Point-by-point  elimination. 

•  Clear  the  fault 
•Test 

JtecofBizt.  The  first  step,  rcsx>gnizc,  Jn  trou- 
bleshooting is  obvious;  you  do  not  fix  something 
:ypy  ^'J^ii^.^orkihg  as  it  should.  You  can 
recognize  a  trouble  in  several  ways  using  your 
sehs^  of  sight ^und*  smell,  and  touch. 

^gto.  _This_ijiclUd«  vTS^ual^s^^^^  a 
steppinqg  switch  not  stepping  propcxl^,  etc 

^9^^'  Relays  chattering,  rotary  switches  spin- 
ning, audible  alarms,  etc: 

Smell.  The  odor  of  ovcrhcatwi  relay  coils,  switch 
magnets^  oj:  transfdm        _    _  _ 

Touch,  Ex<»s  heat  from  equipment 

M^^^^l*  T???  A^2^!  J* 
to-  a  major  component  (sfDecific  switch  or  main 
cir%it).   This  is  done  using  alarms  and  test 
«)uipment  to  narrow  the  possibilities  to  a  specific 
equipment  and  trouble. 

1  ^^^y^My*?*  j^^M  is  narrow^  ^own  to 

a  specific  area  get  the  proper  schematic  diagram(s) 
and  circuit  explaiiatibh  sheets,  Now  analyze  the 
circuit  to  determine  the  possible  poins  of  trouble 
that  Tit  the  symptoms:  dirty  contacts,  open 
windings^  bit>kcn_wira,  ^lo^ttcfy  or  groui^^  etc. 
A  knowledge. of  system  operation  helps  here. 

Poiiiii>lyy^^IH>iiii  EJimiiitf  that  you  have 

identified  the  possible  poina  of  trout^e  yoa  must 
determine,  using  test  «)uipmerit  where  the  problem 
is.  CdntijUiity  teits^  using,  a  test  lamp_dr_tcst 
receiver,  are  excellent  for  thlsJt^isk.  When  you  get  to 
i^itit  where  you  do  hot  find  the  potential  that 
ought  to  be  there,  you  have  almost  arrived.  Your 
search  may  lead  you  to  a  circuit  that  controls  the 
•  dnc  ydU  first  thought  was  in  trdtiblc  or  it  may  ^  nd 
more  than  dirty  relay  contacts  in  the  affected 

circuijL  

Clear  thcFanlt.  Once  you  have  narrowed  do;uv<n 
the  problem,  do  what  is  h^lc^.  Burnish  the  dirty 
contact;  adjust  the  relay;  whatever  you  mtist  dd,  dd 

TeS.  It  hMbecrt^id^  *^Tlie  proof  piidding 
is  in  the  tasting:''  When  troubleshooting  it  is  in  thp 
testing.  You  perform  an  operational  system  test; 
this  is  one  to  see  if  you  have  found  and  ftjted  the 


■  I-    ,       ,  . 

trouble,  if  you  have,  cbrigratuLatibhs;  If  you  haveii*t 
I?  is  back  to  pK3int-tq-j»mt  clim 
-  it  is  possible  that  more  than  one  trouble  was  in  the 
circuit. 

Exercises  (234):  \ 

^l?^?h_J^?_  [i^t  of_  t?oublcshddting  steps  and 
explanations  below,  properly  in  the  space  provided. 


Recognize. 

a. 

Determine  pbaible  irbu- 

ble  points  in  the  circuit 

 ^  2. 

Localize 

b. 

Smng  or  hearing  alarms; 

 I 

Analyze, 

jppkinj  a_t  the  trpubjc,ip_g- 

 d 

Poi  nt-by-poi  nt 

c 

Replacing  parts  or  making 

cUrtiiriaQoii; 

adjuionens.  . 

_5. 

Clear  tne  fault 

d: 

Detertninihg  wtii^  ^raiit 

 .6. 

Test  ^ 

in  a  bay  is  in  trouble. 

c. 

Performing  an  opera* / 

tiohal  system  dtvock. 

f. 

Tcsung  fori' circuit  .con- 

tinuity and/or  component 

'operjation. , 

6-4.  Troobl^bootintg  Switchb<wd  ud 
Associated  Circnits 

_  ^llc^'I*9™5!i^J?yyi  is  here.  YdU  have  looked  at 
the  major  components  of  the  manual  system,  its 
fuhctiphs,  some  of  the  main  circuits,  and  an  ap^ 
proach  to  troubl»hooting: 

We  cannot  actually  <4o  it  in  this  course,  but  since 
the  itngortant  j;»rt  of  trdubleahooting  is  dgne 
mostly  between  your  ears.  Jet  us  look  at  a  trouble  or 
twd  and  see  if  ydii  have  it' all  together. 

bmurd  ctrcnits  troobte  synptoiia,  ise  the  fotdoots 
to  Identify  tlie  prplMJije  caii8«i  of  trouble  ^hd 
state  Gdirectiye  acttdii  for  ea^. 

iQ^ic  odyic  rasentials  for  Jroubljwhooti^  ahy 
circuit  is  knowing  What  the  circuit  is  supposed  to  do 
under  hbrmal  cphditidns,  Being  able  to  read  and 
interpr^  the  schematic  diagrams  Is  another.  The 
rest  is  a  tfiatter  of  systematic  approach  and  being 

able  tb^lact       tise^UMt  ojuipmCT   

Mi^pcto  Line  Circuit  Trouble.  Lobk  at  foldout 
6  while  you  are  reading  about  the  following  trouble 
symptdms.  The  subscriber  complains  that  ^e  can 
receive  calls,  but  he  cannot  make  a  call. 
_  Xpu  T«^gii2C  the  trouble;  you  hav^  a  cdm- 
piaint.  Your  neict  step  is  to  localize  it.  took  at  the 
facts  available.  The  subscriber  can  receive  caUs;  this 
tells  you  that  his  transmitter,  receiver,  and  battery 
for  transmission  are  working  You  do  not  know  (1 ) 
L^i^^li^^^  i^ncjatdr  wdrfts^  (2)  if  the  line  jack 
contacts  are  clean  and/or  made,  when  ^  plug  is  not 
in  it,  (3)  if  contacts  23  and  24  of  relay  RU  are  made 
and  clean,  and  (4)  if  the  b-d  winding  of  relay  RU  is 
good  and  the  RU  is  operating,  etc.  Look  for  other 
possibilities  before  going  further.  The  **X"  contacts 
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ilia>r  be  bad;  the  KNC  lamp  fnaf  be  bum«l  oat 
(open);  and  coritacts3  and  4  may  not  be  maklnjg. 
These  dft  but  a  few  of  the  possibilities.  Now,  where 
do  you  start?  _  _  _ 

Checking  the  inside  ppssibilities;  outside?  Why 
not* call  the  iubsraberand^^        to  turn  his  hand 

'  generator,  after  you^et  off  the  line,  a|id  sec  if  his 
hand  gen eratbr .  wo rks?  It  is  the  b n  ly  i tern  in  h  is 
intftiment  tlat  you  arc^t  sure  of:  The  best  way  to 
do  this  is  by  placing  a  meter  across  his  cable  i^air. 
Let  us  assume  that  J^u  jr«:eivc  the  proper  vojtage^ 
this  means  the  trouble  is  in  the  exchange,  either  the 
circuit  or  switchyard.  ,        _   _ 

^  bid  the  RU  relay  opOTic?  This  is  easy  to  check; 
look  at  W  If  It  operated  you  know  (1)  that  the  line 
jack  ^ntactt  are  inade^Lnd  clan,  (2)  that  contacts 
23  iaM  24  of  the  SU^e  clean  and  made,  (3)  that 
the  relay  ending  is  good,  and  C4)  that  the  full 
operate  pith  of  the  RU  is  good^ 

YdU  h^vc  eliminated  four  of  Sc  original 
possibiiiti«.  About  the  only  possibilities  Itft  are 
these:  is  gn>uhd  at  coh&ct  4  of  relay  RU;  is'thc  INC 
lamp  gcpd;  are  contacts  3  and  4  of  RU  making  or 
clOcui;  and  is  thcrc_ battery  coming  from  the  night 
alarm  circuit?  A  simple  continuity  test  with  a  test 
tamp  or  test  receiver  provides  the  answer. 
» 

Exercises  (235):  :^ 

Use  the  fold6ut{s)  indicted  Juid  the ^^^^^^ 
i5ymptoffl(s)  given  to  determine  the  cause  and  state 
the  correcuvc  action  for  each  trouble.^ 

L  The  magneto  line  subcribejus  connected  to  line 
one  of  an  operator's  tdepho he  uhitf  The 
subscriber  asm  rix«ive  calls;  but  capnot  initiate 
calls  His  telephone  instrument  and  the 
operator's  telephone  unit. are  not  in  trouble. 


Z-  The  switchboard  operator  on  position  one  can 
hear  subscribers,^  but  cannot  be  hj£in*d.  Tl^ 
operator's  h»d$et,' varistor  RVl,  and  repeat 
coils  are  good  and  no  fuses  are  blown. 
-  (Foldoiits  4  and  5.) 


3.  On  cord  circuit  one  of  switchboard,  position 
nvo  only  magneto  line  subscri tiers  can  be  heard 
when  called.  No  fuses  are  blown.  (Foldouts  3, 
4,  5,  and  6.)  ^ 


6-5.  Test  Board 

.  ^  -    - 

The  test  board  in  this  manual  system  is  a  panel 
mounted  in  the  relay  rack,  ifls, the  central  testing 
point  for  All  the  circuits  ii/your^xchangc 

.    '       ^    f  '  '  w 


236;  Use  tbe  appropriate  foidouts  to  identify  the 
.actiiii^  that  occur  in  the  test  board  duriiig  the 
peridrmiuice  of  tests.  ;  ^ 


Look  at  figurro-4 ;  notice  that  the  top  pbrtibri  of 
the  face  equipm|nt  contains  IN/OUT  jacks  for,  all 
of  the  different  circuits  in  the  system.  These  j|acks 
|rc  used  for  t«ting  cither. the  line  side  o^r  the  ^Sip^ 
ment  side  of  the  circuit  These  jacks  serve  the  same 
purpose  as  a  test  shoe  in  an  automatic  telephone 
office.  Figure  6-8  shows  one  set  of  these  jacks  and  , 
how  they  are  wired.  c 

Witfeut  a  t«t  c»rd^lugged  in  the 
circuit  has  continuity  from  the  tip  conductor  on  one  ^ 
side  to  the  jacks  to  the  tip  conductor  dh  the 
opj^'^l'^i^l^^  test  ja^.  The  same  hol^  true 
for  the  jing  sidfc  When  a  test- cord  Is  pluK^d  into  . 
the,  OUT  tttt  jack,  the  ti^  and  ring  ©^hdii^ctqra  arc  \ 
removed  from  the  equipmcntand  placed  across  tip 
and  ring  of  the  t«t  pord.  The  sarpe  is  triie,>in 
reverse,  if  the  test  cord  is  plogg«J  into  the  IN  Jack  , 
instead  of  the  OUT  jack.       ^7  '  - 

The  test  cord  we  have  bwm  discussing  has  pliigs 
oiwboth  ends.  You  know  where  to  pJug  one  end  of 
It;  the  Qthcr  is  pluggwi  into  the  TEST  jack  on  the 
test, panel  figure  6^.  The  TEST  jack  (13  in  fig: 
S-4)  is  dijrcctly  talhcjrl^t  of  the  TALK  jack  ( 1 2  in 
fig  <5-4).  The  TALK_ pro\id«  a 
talking  on  or  monitoring  the  line  or  equipment  side 
of  any  telephone  circuit  This  is  done*  with  another 
double  plugged  t^t  cxstd. 

_  Test  JCeys  and  Selector  Swftches.  Look  at 
foldout  7;  it  is  the^t  circuU  for  the  'test  pa^ei^ 
Compare  it  with  figure  6-4  until  you  have  located 
all  th^  k(^  and  switches  pnjhe  face  equipment  that 
arc  a  {^rt  of  the  taring  circuit  yx. 

Notice  table  A  in  folddut  7;  it  contains  a  list  of 
tests  and  states  the  position^ df^the  selector  sv/itdi 
(22  in  fig.  6-4)  and  what  key  must  be  operataJ. 

As  you  have  seen  in  table  A  of  foldoiit  7  there 
are  a  number  of  tests  that  can  he  performed  from 
this  tott  panel.  Let  us  Idbk  at  how  to  make  some  of 
the  t«ts  arid  how  the  wst  desk  circuip^  works: 

Testing  a  Magneto  Line.  Before  doing_ahything 
you  must  pliig  yotir  test  Jxird  |ri  the  1  t^l  jack  ori 
the  panel,  and  plug^the  other  end  into  the  i3UT  jack 
ofthe  line  b^ing.tated.  With  the  test  cord  plugged 
in  arid  the  selector  switch  on  terminal  1,  look  at  the 
test  circuit;  kpep  in  mind  that  the  subscriber's 
telephone  is  across  the  test  ja^ 

NOTE:  There  are  four  lows  of  seven  contacts 
shown  for  the  selector  switch.  Whatever  posi- 
tion the  selector  switch  is  turned  to,  switch 
contacts  A.  B,  C,  and  D  are  a^l  on  the  same 
riuriibcr  jx)sitiori. 

To  come  in  at  the  Jip  (SL)  conductor  of  the  test 
jack  ydU  pass  through,  ( 1 )  Contacts  B  of  the  TEST 
REV  key,  (2)  contact  D^on  terminal  1  of  tho^ 
sclfcctor  switch,  (3)  closed  coritacts  C  of  the  TALK^to"- 
key,  (4)  closed  contacts  B  of  the  RING  key.  (5) 


through  the  b-d  vyindrng  of  the  RU  fclaiy  arid  its  23 
.  and  24  contacts,  (6)  ca{«^^  C4  and  cdriiacts  A  of 
the  RING  key,  ^7)  contacts  i^sf  ti^Atk  kcy»\8) 
contact  C  in  position  one  of  the  sclcctibr  switch,  and 
(9)  contacts  A  of  the  TEST  REV  Key  to  trie  ring 
«)nductor  (SL-WHT)  of  the  test  jack  to.  the 
umniment. 

V  iPo_  ypu^fcmiOTbcr  our  -pag^  line  su^ribcr 
OTlier  in  the  chapter  who  could  receive  bat  not 
make  phone  calls?  Let  us  assume  we  have  the  t^t 
cqt^  in  iiis  ci^rcuit  He  canjt^ive  j^ls,  so  Icfs 
operate  the  ring  key.  By  operating  thc_RlNG_kcy 
you  place  ringing  c^^  line.  TRACE  Tffi 

PATH  from  the  tip  conductor-of  the  t«t  jack  to  the 
ring^  cbn<luctpr.  New,  move  the  key  from  the  ^ING 
to  the  TALK  pwidon  and  trace  the^ciroiiL  This 
places  the  secondary  winding  pf  the  induction  coil 
ihllK  ciraiit  and  whra  the  sul»m 
can  hear  him.  By  operadng  the  pash*to-talk  switch 
on  the  handset  of  ^e  les;  board  you  can- talk  to' the 
su^Ftber  and  ask  him  to  operate  the  hand 
gcnciitor  on  his  instrumcDL  You  then  return  the 
TALK  key  to  the  normal  posidori. 

Whferi  the  subscriber  operates  the  generator  on 
his  phone  it  opcra^  the  RU  relay  to  lQ^*X" 
contacts;  do  ^bu  sec  the  path  through  the  b-d 
winding  bf^ the  RU  and  its  23  and  24/^n tacts?  If  * 
not,  07  again^  it*s  there.  When  tffic  ^X"  (L  and  2) 
contacts  of  RU  make,  it  dpcrat»  fuily  and  holds  to 
ground  on  the  TALK  key:  Contaq/ 23  and  24  opeii 
the  original  operate  p^th  of  the  RU;  contacts  3  and 
4  close  a  path  that  lights  the  SUPp/  lamp  on  the  test 
board.  ..  I  . 

Now  that  we  know  that  the  subscriber's  phone  is 
good  we  he»l  to  look  at  the  inside  equipment 
(foldout  6).  You_mbyc  your  test  cord  ^  the  IN  test 
jack.  With  no  keys  operated  and  the  selector  switch 
in  jjosiubn  bhe^^pc^  ring  key  arid  the  RU  iri 
the  mag  line  circuit  should  operate:  If  it  does  a  lot 
of  piossible  trouble  point^  arc  eliminated.  In  any 
case,  yqa  know  itei  the  line  from  the  siibscribef  to 
his  line  jack  appearance,  is  good  and  that  his 
L'^trtimCTt  is  a^  Let's  sec  hbw  tb  rtiake 

meter  measurements. 

_^^^<%^f"'^'_  J^^J'^^^i^  selector  switch 
on  posidon  two  and  trace  the  circuit  from  the  test 
J.ack  bri^thc  test  j^el.  This  dme  the  dp  cpridiiclor  is 
connected  to  nei^dve  (— )  side  of  the-  meter 
means  of  the  selector  switch  D  contact,  arid  the  ring 
conductor  is  conne^tod  jo  thcjjdsiuvc  (-f)  side  of 
the  meter  by  means  of  the  C  and  A  contacts  of*  the 
selector  switch  (G  and  A  arc  sffapiM^_  together  on 
step  2  of  the  selector  switch).  If  a  battery  source  is 
preserit  on  the  line,  such  as  in  a^vvitchbbard 
common  tottery  cij-cuit  (foldout  3),  the  meter  will 
indicate  the  voltage  of  the  battery.  If  the  battery  is 
reversal,  <^u«ing  the  meter  to  riibvc  in  the  wrong 
direction,^Qperatc_the  TEST  J^V  key^  TRACE 
THE  PATHS  BEFORE  READING  FURTHER. 


Letm  assuriiie  thai  you^are  testing  the  cable  pairg 
21  CB  instrument  Tbir  the  rest  of  the  tests, 
s  Ne^tive  Potential  tfet;  For  this  test,  place  the 
selector  switch  on  step  3.  This  plaow  a  ground 
potential  through  contact  A  of  the  selector  switch  to  • 
the  positive  ,  side  of  .die  meter  and  out  the' dp 
.wtiductbr;  if  nepuve  ba^^  is  preserit  gn  the  dp 
side  of  the  iinc^  the  voltage  of  the  potential  will  be 

indicatttl  on  ^cvmeteh  > 

_  -^y  oj^'?^*l}S^i*:T^?T  ki^ybu  can  test  the 
rihg^  side  ottlfe^iric  for  negative  battery: 

^^"^f^  *^P' ^or  this  test  placje  the  selector 
switch  on  step  4  Trace  the  pth  frprii  the  tip 
conductor  of  the  t<»t  jack,  through  the  SVh<ratstDnc 
*bridgc  to  the  riri^  coriductQji^bf 
allows  you  to  test  for  the  loop  resistance  of  the  lin^* 
fpf  ishbrted  cable  p»ir:  _  ^  V  ^ 

1  Bridge^  tip,  or  Ri^  to  Ground.  By  placihg  the 
seiectbr  switch  oq  st^  5. you  can  test.the  line  for  a 
ground.  With  rip  kcys^pCT  tcsdng'thc 
dp  sidc^of  thc^irie  for  groundpotential;  you  t«it  the . 
ring  side  by(^opcraurig  the  TEST  REV  kcy>  Tract 
the  path  for  a  ground  on  the  dp  side  of  the  lirie 
under  test  Remember  that  this  bridge  is  set  to  r»d 
a  short;  and  from S9^A^i<^Jiric Jo  |  p;bu^ 
the  bridge  in  iiie  middle,  it  appears  to  be  a  $hort  to 
the  bridge  circuiL  Herc-is  the  p>ath:  grouncf  pri  the 
dp  side  of  the  fine;  in  the  tip  ^nductor  bf^the  t&t 
jack;  through  contacts?  of  the  TEST  REV  key  in  thc 
.rionnal  positibri;  through  the  D  cot  tact  at  step  i^f 
the  selector  switch  to  5e  X^l  terminal  post  of  die 
bridge;  arid  through  Ui^s  bVidge  circuit  to  terriiiiial 
X-1  to  ground  on  step  5  of  the  B  selector  switch 
Qontact  With  ground  proent,  a  reading  is  obtain^; 
if  the  dp  side  is  riot  grounded,  no_ reading  is 
obtained.  NOfEiBeforc  toting  any^ircuiLwiih_the 
bridge  MAKE  SURE  NO_  BATTERY  POTEN- 
TIAL  IS  PRESENT:  Battery  potential  wiU  destroy 
the  bridge.  To  test  the  ring  sid^  of  the  line  for 
ground,  operate  the  TEST  REV  key. 

Esercls^i  {236}t 

Identify  the  actions^ that  occur  in  the  circuits 
indicated  below  for  the  cdriditrons  specified. 

*\.  A, subscriber  complains  that  his  phone  is  dead. 
Test  results  indicate  that  the  line  is  shorted  , 
(l^ldout  7).   .  "  ■ 

±  How  is  a  short  found  using  the  test  board? 


b.  What  test  must  be  perf(^rmcd  prior  to  th^  test 
^  that  found  the  short?  ^hy? 


2.  Testing  of  a  PBX  switchboard  cpmmon  battery 
line  circuit  (foldout  3)  from  the  IN  test  jack. 


^:  ^dw,  using  the;  test  board  (foidout,7),  do 
"  yojti  test  for  a  bsttcry  potential  on  the  firig  ^ 
side  of  the  line?  Whai^  is  the  path  from  the 
tKt  jactf  through  the  test  desk  circuitry? 


kk' How,  using  thci«t  board  (foldout  7j,.do 
jfou  test  for  a  ^biirid  |x)tchti^  bh  the  tip 


side  of  the  line?  What  Is  the  path  from  the 
^:  test  jack  through  the  test  desk  circaitiy? 


6-6.  Poftr  and  Ringing  Eq^ 

One  of  the-  trul)^  neqcKary  accessories  in  any  ■ 


,  i?ecepTACLES 


CHARGfeS 
RCCEPTACCE 


RiNGJNG. 


F  igure  6-9    P{)wcr  supply,  rent  vicu. 
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ply.  The  jnanuai  lystem  we  arc  discussing  requires 
24  volts  IX  and  20-hertz  ringilig  current. 


237.  Usi  tie  power  and  ringing^  eqvipnent 
f^^MU^5  ^liB^^ii  Jb  this  »gpi<^t^  to  Identity 
ciradt  actioM  for  specified  condltiou;  and  uilotg 
troiriRe  syp|M«^^  prblMible  cause 

and  WM9  tke  correcliTe  action. 

_C«ipo!*"ti.  The  power  supply  face  ojuipment 
for  this  manual  telephone  system  contains  six 
circuit  breakers,  an  ammctcr,^^  m  yol^ctct 
There  is  a  designation  strip  mounted  above  the 
circuit  breaker  switches  for  identifying  the 
equipment  supplied  ctirreiit  through  <»ch  br^er. 

The  rear  of  tlte  power  supply  (fig.  6-9)  contains 


an  AC  power  cord  which  connects  to  the  1 1 5-voit 
AC  primary  pb>icr  supply  arid  a  cbnycnicnce  outlet 
for  intcrcdiinamng  other  [tems  to  the  AC  supply; 
the.  ringing  generator,  for  example. 

It  a||D  cx>ntaiiu  a  c^^ 
charging  the  storage  battery^  which  supplies  the  24 
volts  IXT  for  the  system.  The  battery  distributipn 

rack  and  section  2  at  the  MDF.  ' 

_  Jtehery  Dlstribvtlbn  and  Fuse  Alarm  Circuits* 

flgyr^  6-10  _sho^  ihitc  yic  six  jciroiij 
breakers  arc  for  AC;  whereas,  the  other  three  are 
for  DC.  The  leads  for  the  battciy  distributiori 
circuit  (^nnect  to  DC  circuit  brcadcers; 
_  The  tottery  distribution  and  fuse  alarm  circuit 
for  ma^etq  and  radk»^  lin<»i  and  the  test  panel  is 
seen  in  figure  6-1  l.^^b  -24V  and  H-GRD  leads 
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TO  POWER  PANEL 

MC-026 

Figure  Battery  distribution  and  fuie  alarm  ciraiit  for  magneto  and  radio  line  drcuiti. 
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gpingto  the  power  panel  connect  to  one  of  the  three 
PCciroiit  bi^UcOT  fuse  panel  is  mountai  in 
the  bade  of  the  tat^anel  which  ijLnloUntcd  in  the 
relay  rapk.  The  fuses  used  in  these  panels  are  i  73 
™Pj"^*^'^L*^^^  you  saw 

in  the  XY  telephone  exchange  in  Tech  School.  You 
^hq^frojn  the  battel  disthbudoh  circuits  in  your 
central  office  that  battery  is  cdnnectni  to  only  one 
of  the  two  posts  that  the  fuse  connects  u>.  You  also 


k!iow  that  thcxing  side  cdgriectcd  to 

the  other  fuse  mounting  stud  and  thus  tojhe  battery 
through  the  fuse.  The  other  side  of  the  circuit  is 
coiincctwi  directly  to  ground,  not  passing  through  a 
fuse.  The  battery  and  the  ground  terminations  are 

shown  Lh  figure  6-1 1 ,  

The  bar  running  between  the  rows  of  fuse  studs  is 
in  effect  one  contact  in  the  path  that  operates  the 
FA  (fuse  alarm)  relay.  When  a  circuit  is  overloaded 
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Figure  6-12.  Battery  distribution  and  fuse  aiariti  circuit  for  operator's  telephone  units  (10  line). 
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and  blows  its  1  amp  fuse^  the  wing  of  the  jfuse 
^nfi"^^  JQ_  battel^  side  dr^  ^4 
makes  contact  with  the  center  bar,  this  causes  the 
FA  re I_ay_  to  operate.  Its  1  arid  2  contacts  make, 
lighting  the  fuse  alarm  lamp: 

Figure  6-12  is  the  battery  distribution  and  fuse 
alarm  circuit  for  the  ojKsratdr's  telephone  units  (10 
line).  It  is  iocatod  on  section  two  of  the  MDF  and 
is,  in  operation,  identical  to  the  circuit  in  figure 
6-11. 

The  PBX  switchboard  generator  and  fusing 


circuit  (fig.  6-13)  and  the  associated  fuse  alarm 
circuit  (fig.  6- 14)  arc  located  bri"  this  first  ppsitipn  of 
the  PBX  switchlxjard:  The  fusing  and  battery 
distribution  (fig.  6-13)  and  the  fuse  alarm  circuit 
are  very  similar  to  the  othci^ figures  you  have  had. 
This  fuse  alarm  circuit  comes  equipped  with  a  JX^ 
9F>'S"*^jed_bcll,  (»rit^^  ftisc  alanif  key.  The 

fuse  alarm  lamp  and  key  are  located  on  the  face 
equipriient  of  the  switchboard.  The  generator 
switch  allows  the  operator  to  transfer,  during  power 
failures,  the  path  for  ringing  generator  to  the  hand 
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generator  (HG)  on  his  switchboard  position.  The 
switch  and  lamp  for  generator  arc^^lbcatcd  on  the 
face  equipment  of  the  switchboard. 

Excrciies  (237): 

Use  the  figur^  and  infoi 
An^cr  Uie  fqllqwing  qiui 
ringing  equipment.  S 

1.  What  happens  in'thi  circuit,,  shown  in  figure  | 
,6-  i  1 ,  when  a  magneto^cuit  fuse  blows?  Why? 


lation  given  below  to  , 
Itibns  about  power  and 


^1 


2.  Why,  when  the  FA.  relay  in  ficure  6-14 
operates,  do-w  the  bell  ring  but  thf  Ifi^pjipl 
light?  What  is  the  corrective  action?  What  type 
of  icsi  will  pin  it  down  to  one  trouble  only? 


3.  two  fuses  in  the  circuit  shown  in  figure  6^2 
are  blown  bringing  in  an  alarm.  When  the  first 
fii^  is  removed  the  fuse  alarm  lamp  goes  oyt 
Why?  ~ 
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CHAPTER  7 


'^Manual  Offica  Maintenance 


THE  Bi\Cl^^NE  of  good  servi^  frditi  a  manual 
teleptibne  system,  or  any  eiectromechanical 
^^l^^one  syste^^  (routine)  system  of 

inspections  and  maintenance: 

In  this  chapter  we  discuss  the  preventive 
maintenance  insf^ectson  (PMO  system,  the  use  of 
PM!  workcards,  the  AiaJkeup  of  the/^istributing 
frames,  and  the  running  of  jumpers. 

7- 1.  PrcYentiYe  Miinteniiice  Inspection  System 

 ^Tech  Order  00-20- 1  stat^,  '*Aii  Air  Force  equip-  v 

ment  must  receive  repetitive  inspections  of  sup»--4-^ 
cic^nt  iterougluiCM^  to  y^ngr  iemc«abi  1  ity  or  detect  ^ 
deficiencies  and  malfuncttons.  These  inspections, 
when  combined  with  effective  repair  or  mbdiftca- 
tion  ^qrvi,  will  asmrQ  the  higlieit  (xiKSible^degi^ 
of  Si4>port  to  the  mission  of  «u:h  Air  Force  unit" ' 

.What  is^nMi^^^  Ryi^t  a  p^ 
spection  and  maintenance  witl  be>^  up  to  fmd  and 
fix  minor  troubles^  to  prevent  mitjbr  equipment 
troublai,  and  circuit  outages. 

Our  mission  as_s>«dtching  cquipnS^repoirnien 
is  to  provide  the  BEST  telephone  se^Re  hiintanly 
possible.  \ 

23I.  Given  a  list  of  pi^  and  pinignipfc  titli» 
frdni  wdrtecard  tyjpe-tctti  drjfefgy  tbe  type  of 
InlbrmntioB  con&lncd  oader  encb. 

In  order  to  dq^this  job  you  need  some  ty{^of 
'  guidelini^  tell  you  what  to  do,  how  to  do  it,  wh 
tp^b  it,  what  to  do  it  with,  arid  why  you  are  ddin| 
it  _  . 

YQ^  Have  at  your  disposal,  for  your  particufar 
telephone  system^  a  work^id  type  of  ^h  order. 
For  thejnanual  telephohe  systeni  you  are  studying, 
it  is^TO  31W1.2FTA13^6WC-1^  XY 
s^tem,_iiiscussed  in  Volume^  of  this  course,  it  is 
TO|31W2-4-l_20-^^  TC^  arc 

idratifted  by  the  -6WC-  identifier  at  the  end  of  the 
TO  numbeF.  ^  / 

A  ft«  the  A J»^,  In  a  tech  order,  the  next  page 
(or  pages)  is  fie_taKc^  contents.  The  table  of 
contents  for  -6WC-^S5e  :ech  orders  is  laid^ut  using 
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JiumcriMl  dc^^^  the  PMIs  as  a  guide.  In 

other  words,  i-l  is  the  first  routine  (PMlj  iistod  in 
the  table  of  iwhtcnts,  _  Next  tc^  the  table  of 
contents  is  an  I^^^RObUC^IbN  page.  This  ^e 
has  three  sections:  purpose,  scoag.  and 
'"^/^'IVPJ^^^^P' |he  jnirpbft  qfjhc 
workcard  se^  telts^who  it  appita  to,  axld  lists  tfi^ 
maintenance  supervisor's  respohsibtiities  .with 
respect  to  the  use  of  the  wbrkc^itd  set  and  insuring 
proper  documentation  of  PMIs.  - 
:  *lcxt jMgc  cojitmrw  nco[^mmehd<»^  schedule 
for  the  accomplishment  of  routines.  This  page  is 
nprrnally  broken  out  by  routine  number  and  the 
type  of  operation_  for  the  exchange-*'-<ondnud^ 
tactical,  or  standby.  The  number  of  days  between 
™P*^orw  is  Ijstc*!  under  J»ch  type  cy^^bjKratiqn. 

Next  you  find  a  page  entitled,  ''Suggc^dons  for 
jMpjoying  tlvB  p  program."' 
^This  page ^ntains  sotne  good  commonsensejteitis 
such  as  these:  dbh*t  be  a  knob  twister;  insure  that 
tet  <^uiptneiu  is  grofNSf ly jcalibra^; 
_  Next  is_ the  information  you  are  realty  looking 
fof^  E*ch  PMI  is  brok^^^  four  maibr  areas.  The 
Generaiinfamuuion  section  conmins  the  purpose  of 
the>butine,  what  to  do  if  est^lished  results  are  not 
met,  and  the  appfoxtitiate  dme  r^uifed  to  perform 
the_^utine.  _  _ 

_  lists  items 

that  are  nec»acry  to  perform  the  roudne  (such  as: 
•  multimeter:-  hydrometer,  or  tat  set). 

The  htaeriaU  Rmpan^  ^mon  lis^  items  netnjed 
to  perform  the  routine  (such  as:  lubricants  or  toob). 

The  /^odggfitf'j^^  contains  stcp-by-stcp 

instructions  for  performing  the  roudne,  expected 
test  resultis,  and  illustradons  to  clarify  instrucdons. 

Exercisei  (238): 

^State  the  tj^  of  info  «ich 
"of  the  following  listed  titles  from  workcard  type 
tech  orders. 


1.  Table  of  contents,  (page). 
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2.  Introduction  (page). 


3.  General  information  (paragraph). 


4:  Materials  reqair^  (pax'agraph). 


*  5.  Procedures  (jsaragraph). 


W7-2.  PMIs^  \ 

Now  th^t  we  have  discussed  the  PMI  ^tem  and 
y*i***^^cup  of  U>e  wp^  tech  orders,  we  hewl  to 
discuss  types  of  PMIs  and  loyally  designed  PMIs. 

:  _  _  ^      ;_  _^    _    ■    '  »  

239.  Smc  vi^ii  fliid  why  different  types  of  PMIs 
are  performed. 

_  The  fMI  systan  is  anything  but  stagnant. 
Granted,  some  of  .the  PMIs  that  you  perform  IS  the 
automatic  and  jtumtial  q/steitis  ha\«  riot  changed  iii 
years.  This  means  that  they  are  doing  the  job;  not 
that  anybody  ^re&Y^  we;  and  if  there  is  a  better 
way  to  do  something  you  should  bring  it  p 
sprrjjKme's  attention.  Tliere  is  a  methQd_fx)r  doing 
thisHjut  first  let  us  loql^at  the  tyjxs  o^  PMIs. 

Typei  of  PMIs.  There  are  three  types  of  PMIs: 
typ«  1»  3.  andJL 

Tjqwr  /.  perjbmumce  rominG:  Th^  ch«5k_thc 
operation  of  the  equipment  under  nearly  normal 
conditions.They  arc,  as  a  general  mle,  j)erf^^ 
every  T  to  28  days.  These  routines  help  you  find 
the  troubte  that  a^  iri  ^dtir  equipment 

Type  3.  ^rvicirtg  rominesl  The^pQopost  of  this 
type  is  to  keep  things  running  clean  and  smbbthu  In 
our  business,  8{3^ially  iri  the  autom|Ltic  exchanges, 
lubrication  is  a  must  Oil  and  the  like  gather  dust 
^J^I^^Ji^ii^tnl^  over  a  long  time  leads  to  a 
sticky  mess  that  slows  oi^  stoi»  tn^hani«il  actions 
instead  of  helping  them._ These  routines _are 
nojinally  performed  c  to  180  days.  This 

docs  hot  mosm  that  all  the  two-,motion  switches  in 
y^y^exchange  are  c^^  and  oiled  in  one  day; 
just  that  ^ch  switch  is  d^ne  once  in  the  ^llottexl 
tirhe  frame. 

Type  2,  jxiignmeni  ^'^^'^^^  roiumes.  These 
are  no  longer  a  fwin  of  the  scheduled  PMIs:  They 
pnoc  were;  but  it  w^^  that  scheduling  this 
type  of  PMI,  more  harm  was  done  than  good.  You 
do  not  wake  a  sleeping  baby  to  f^d  him  Just 


because  his  schedule  says  he  is  supposed  to  eat  at  a 
c«fj»iii  time. 

it  has  been  found  that  if  equipment  needs 
adiustment,  thi*  will  show  up  during  the 
performance  of  j^  1  PMIs  arid  sometimes  during 
the  performance  of  typetS  PMis: 

As  wc  tove  sajd  wjief,  PWIs  are  t^^^^ 
of  good  service  and  jeffective  ipaintenance;  but  what 
happens  when  a  PMI  is  not  doing  the  job  it^feuld 
or  if  A  P^MIjs  ji^ed  and  none  exists?  Wr^ 

Inipcciipii  Worluwd,  AFTO  Fonn  ZSlj?Tech 
Order  00-20- 1 ,  jcteptcf  4  states,  "AddLUprial 
ihspe^on  requifernents  that  are_  n^reasary  due  to 
lPf»L<»l5Jjypni  ^pcs  of  missions,  special 

utiiizatipn,  or  geog^phic  locations,  will  be  entered 
on  Ibcfally  prepared  inspection  workcards  by 
authoriz^J  indiyiduals^Bs^^t^iibed  try  the  major 
a>mmahd  and  injiccordance  with  TO  00-5- 1 : "  The 
^fTO JFbnn  26P  is  us^  for  this  purpcMse.  I^s  to  fe. 
made  up  in  the  format  of  the  worker-type  uxh 
orders.  '   ■  _ 

Th?  quality  c<^^^  fuiictibn  in  your 
organization  knows  how  to  go  about  getting  this 
§otic.  Chi^^^  that^ou  will  seldom:  have  to 
develop ii  PMI;  but  the  PMI  is  a  tool  that  you  use, 
ahdThc  better  the  tool,  the  easier  the  job.  Use  it  to 
your  ad\^tage.  ♦ 


FRAME  SECTION 


TEAMINAC 
BOARD 


HORIZONTAL 
FANNING 
STRIP 


HOfilZONTAt 
CHANNEL 
CROSSARM 


HORIZONTAL 
SUPPORT  BAR 


MDF  VERTICAL 
FANNING  STRIP 


IDF  VERTICAL  FANNING  STRIP 
Figure  7-  i .  Dittributing  frame  compogents. 
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Figure  7-2.  Four  views  of  a'distributing  frame. 


ExerciMS  (239): 
1.  Why  are  type  1  PMls  pcrfortned? 


2.  When  are  type  2  PMIs  performed? 


3.  When  arc  types  1  and  3  PMIs  performed? 


4.  Why  aie  type  3  PMis  performed? 


7-3.  qp^baUfig  Ftusm 

The  disoibating  frame  prbvidin  devica  which 
'  permit  axwl^^ 

trunks  from  die  outside  equipment  and  between_the 
mtching  o^tiipnient  uhio  within  tl^  oenttal  office. 
_AJto  Jhc_dia^buting  _framc  mo^is  protccdve 
devices,  serves  as  a  testing  (M^iht,  and  permits 
ihtercbhnectiqn  be^  uni^ 
whhin  the  central  office-  The  section  that 
terminate  the  ouoide  lih<s  is  often  referred  to  M' 
the  main  distributing  frame  (MDF);  the 
interconnecting  section  is  referred,  to  as  the 
intermediate  distributing  frame  (IDF).  The  practi^ 


of  placing  the  two  frames  together  so  that  they 
appw  as  one  unit  hp  resulUs^^  tihit's  being 
caI]<Ml  the  CDinbiiied  distributing  frame  (CDF)-  The 
addltiooaLtejin  of  ounk  intermediate  distributing 
frarle  (TIDF)  may  alsobe  ised  to  identify  a  s^on 
of  the  distributing  frame.  Included  as  components 
of  t^  distritmtingjm^  ^^hanneU,  snipj^rt 

barytfanning^trips,  guwlraib,  temdnai  boards, 
insula^  nntt  and  protector  assemblies. 

140.  Given  jele^ed  diatrllmlliqi  fhuac  froaNe 

and  stste  Ac  corrective  action  for  ench. 

Cluuiiicli       Siypor^tos•  Each:secdon  of 
distributii^  frame  has  a  ifertical  angle  iron  with 

verdcal  ai^e  iron  with  seven  horizontab^^annels. 
There  are  also  nine  lidrizpntai  siippbrt  t»rs  spaced 
aidn|^  the  verucai  iron;  the  (op  and  bottom  biffsare 
extra  hes^  to  hold  the  sonion  in  the  desired 
^sidbh.  There  is  a  strap  bolted  to  the  end  of  the 
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Figure  7-3*  Horizog 

i 


■t  terminal  board. 


r 


Figure        Verticil  termiha!  board. 


rntiaihiiig  a^veh  support  bars  to        them  iivpiac^, 

butJigurcJ7- 1  docs  not  picture  thjsjtrap.   

Funlif  - Strlpi.  Throe  types  of  fanning  sSips  are 
!l*^n^Urt^^  of 
the  tomnnai  board.  In  figure  7-1  the  IDF 'vertical 
fanning  strip  is  T-shaped  and  extends  nearly  the  full 


length  of  the  section:  The  flat  portion  of  this  strip 
.  has  drilled  holes,  for  wir«»  to  pass  through,  and  the 
^  tufsed  portion  of  the  strip  rndUhts  the  vertical  ter- 

mifial  boards. 

_:T^i|^_MpFs  vertical  fanning  strip  is  made  in  two 
sections,  with  an  iroi^  strap  between.  Tltjj:_  three 
devices  are  then  bolted  together  to  provide  the 
support  and^termihatidhs  for  the  protector 
assemblies. 

The  fahniiig^ strips  used  oh  the  horizontal  side^of 
the  MbF  extend  the  fu|r  width  of  the  firame  The 
separated  (^inedj  <»ffouctors  are  passed  through 
^A  ^P*^  ^li**^^  tq^  the  strip,  and  the 

centrally  mounted,  horizontal  terminal  board 
ihclUdes  the  terihinals  which  terminate  th^  wira. 
Figure  7-2,  part  B,  shows  Jhis  hijrizohtal 
arrangeineht  at  the  MDF.  Tbc  first  two  yertirals  at 
^^\^T^J^^J^l9^f^^y'\^  placement  of 
the  components  as^you  would  find  them  on  jhc 
IRI^'  .ahd  the  four  verticals  to  their  right  illustrate 
the  MDF  vertical  arrangetnent,  but  without  any 
protedbrs  attsiched.  _ 

Gwtoais,^  7-2  indicate  by 

dashed  lines  the  position  of  ajpoordrall.  This  leiigth 
of  ahjlc  iron  protectt  the  MDF  from  damage 
caused  by  ladden  or  other  floor  equipment.  These 
guardrails  are  bolted  to  ^supports  and  are 
iJp"^9"^'  J*^'?!^  ncixssary,  with  space  plat(^ 
[£nd-guard  support  and  end-gumtlS  are  simjlarly 
mbUht^  jp  protect  the  ends  of  the  frame  and  to 
form  a  continuous  protection^  This  protwtioh 
extends  slightly  beyond  the  front  of  the  terminal 
boards^tid  prot^^rs. 

_  TermlBal  BooAib.  The  termina]  bdard^shdwh  in 
figure  7-3  has  156  terminals.  These  terminals  are 
placed  with  three  jf»irs  to  <»ch  row  ahd26  rows  to 
the  board.  To ^cilit«c  soldering,  the  rear  52 
terminals  df  theogard  are  equal  in  length,  and  th^ 
are  somewhat  longer  than\he  middle  52  terminals. 
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Figvre  7-6.  Strapping  at  the  ditthbuiing  frame  icrrtinal  boardi. 


The  fro^t  tcrmihal  pairs-wc 

You  can  see  that  each-terminal  extends  beyond  the 

board  bti  two  sid«.  thui  permittihl  s^^^ 

cpiiiicqti^  lb  be^  mKic.  Th«c  conn<;ctions_  can 

also  be  made  without  piling  or  buhchihg  of  thc^ 

wir«.  The  tcnninal  b^nJ  of  f^^fe  7 

it  would  be  placed  on  a  honzontai  fanning  strip. 

For  iu  placonent  on  a 

it  as  itandtng  on  cither  of  the  short  encb.  Figure  7-4 
may  help  you  to  understand  this  vertical  posiUon  of 
the  board  ahd  its  tcrtnihal ;aitting<^ 
shows  the  top  view  of  a  horizontal  tennihal  board. 


You  can  sec  cJeSrly  the  26  rows  of  tenriihals  with  6 
termihals  to  the  rew.  iSotice  too.  that  each  row  of 
six  termifials  has  two  -f  terminals,  two  - 
terminals,  and  two  C  tclmiM  Rctnctnter  1 
C  tentiinai  is  identified  as  S  on  some  tcf 
boards.  Noticx  also  that  liic  row  msu^ 
are  parallel  w  the  foM^  marked ^'tF:"  The  fir 
^}  connects  with  Jhe  six  snapped  terminals  i 
Igft  front  in  figure  7-5  and  line  01  jerminatB  at  the 
thrt«  rear  terminab  of  rows  1  and  2.  This  linc- 
connecting^  arrah^Mneht  allows  for  all  the  odd- 
numbered  lin«  (01 .  03.  ^\  07.  etc.)  at  the  rear^f 


SWITCHBOARD 
CABLE  SIDE 


A.  B. 

-  -     -.      -    -   ..-  ...  -  -  -  --  -  -  ^  -   

Figure  7-7;  Coitductor  entry  into  a  distributing  frame  terminal  board. 

132 


ERIC 


22^  V 


TtRMINALS 


(OPCRATEO) 


Figure  7-8.  Distributing  frame' proteaor  assennbly. 

l^rmJnll  t^lr^_^nd  the  i^n-numbcrcd  Jmcs  at 
the  front  of  the  terminal  board:  A  -h,  a  — »  and  a  C 
tenhigal  for  rows  25  and  26  are  vacant  on  the 
tentiinal  bdiaa;d  we  show. 

Short,  bare  ynres  (straff)  arc  plac«j  from  the  top 
'  of  jHe  Unefindcf  (LF)  tefmihal  to  the  top  of  the 
cohfi^e^r  (G0NN)  tcnninai_on  each  of  the  -f ,  — , 
and  C  tcrmihals;  figure  7-5  shou^  only  the 
terminals  for  linK  00  an^  J)l  so  conneacd.  Th^ 
cr<^-connortions  are  h^;:essary  if  the  equipment 
assd^ciated  with  the  Hnc  u^  is  to  be  busied  tb^thcf 
calls  during  a  conversation.  The  £GNN  terminal 
must  be  cross- connected  to  the  LF  terminal  at  the 
MDF  if  the  CO  relay  of  the  line  equipmenris  to  be 
able  to  operate.  Figure  7-6  a  partial,'lfcipiiricd 
i llustraijp n  showing  wivcra I  mcthcMis  of  Tnak i ng 
cross-connections  at  an  individual  terminal  board: 
The  conricctidns  shown  at  figure  7-6,  A»  arc  oh  a 
hpnzoiTtal  terminal  board.  The  strap  at  the  right 
front  is  the  LF-CONISI  terminals  crc^-conncction. 
Shqrt»  bare  Woss-cbnnccU  arc  permissible 

where  there  is  no  danger  of  .short-circuiting  to 
another  circuit.  Insulated  straps  (jumpers)  have  to 
be  used  where  prot^on  fh>m  short  circuits  is 
necessary-  These  LF-CONN  terminals^  at  the 
uhderaide  of  the  horuohtal  toard*  are  connected  to 
the'  cables  which  come  from  the  linefinder  and 


itihnecior  uniis.  FigurL  7-6.H  shows  hpw_ to  con- 
nect stfa^  at  thej/crtical  terminal  boards.  You  can 
sec  that  two  terminals  next  to  each  other  on  this 
board  can  also  connected  together  with  a  bare 
wire.  B  of  this  figure  shows  also  that  separated 
terminals  are  connected  with  an  insulate  strap^ 
Cable  c<tnductors^  are  permanently  connected  to 
each  notched  teritainai  by  skinning,  scraping,  and 
soldering.  PlacciTKnt  of  the  conductars  cohforms  lo 
the  color  codp  established  by  the  manufacturer.  For 
vertical  terminal  blocks,  the  conductor  is  brought 
under  its  ass^datcd  tcn^^  (SDjlductdr  is 

brought  to  the  ieft  of  the_associated  terminal  at  a 
horizojntai  block.  Pijgirc  7-7, A,  shows  cdnduciors 
at  a  vertical  block  terminal,  and  7-7, B,  shows  a 
conductor  entry  and  attachment  to  a  horizontal 

blockjcrmihal.  

Insuiatcd  Rlngs^  For  eacli  horizontal  at  each 
section,  there  is  a  jumper  ring.  Theise  rings  permit 
the  Jumper  Jo  be^^banged  in  dir(K:iion  without 
damage.  These  rings  are  insulated  to  protect  the 
iy'Tij^re  frbm  being  qhi^^  by  any  sharp  corners  of 
the  framework:  figure  7-2,A,  B,  and  C,  shovb^  the 
position  of  these  rih^  on  a  frame. 

Protector  A»eliibiy.  Jhe  protector  a^mblies 
consist  of  heat  coils,  carbon  blbcks,^  line  and 
^MiPl^^^i^V  ^^t^ii^^^t  Srpund  strJjK,  and 
'springs.  Figure  7-8  illustrates  th^  components: 
The  heat  coil,  one  of  which  is  pictured  in  figure 
7-9^  is  used  only  at  the  ttiain  distributing  frame.  A 


SOLDER  A 
Figure  7-9,  Heat  coils  for  telephone  circuits. 
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Figure  7* ID.  Carbon  block  anembly. 


girduhd.  If  the  h igh  VQltalc  is  cbntiriubusly 
conroKted  to  the  line,  the  carbon  blocks  break 
down  and  ground  the  circuit  permanently.  When 
this^cdllapMe  occurs,  you  must  replace  the  d^troyed 
carbon  block  assembly  with  a  new  one  in  order  to 
make  this  line  effective  a^^in.  Rcrhcmbcr  that  the , 
protector  assembly  of  figure  7-8  protects  only  one 
cable  pair.  .y  .  ' 

!<icnUfy  the  probable  caiiM^^^  IHLtc^thc  ccyTcctivc 
action  for  each  distributing  frame  trouble  describedt 
below. 

i :  The  line  rel^y  has  a  shorted  winding  and  when 
the  subscriber  gbes  off  hook  the  cinniit  pulls 
i^7_4'SP^_^^r*ii|R^J^P^  is  received  and  the 
subscriber  dials  the  desired  number. 


mall-yilue  tlus  line  _c_in:uit  iiiay  oycirh^^^ 

the^  appiffatus.  Therefore,  a  heat  coil  is  placed  in 
seh^  with  aich  incoming  line  conductor  to  prot^t 
agiiiifst  Oirreht  which  nnuitt  from  any  accidental 
contact  with  power  circuils.  ThU  sn^  current 
pi'otectipn  is  generally  required  for  locs^ 
rather  than  for  iong-dismn»  circuits^  A  sneak 
current  of  0.35  to  0.45  ampMcre  in  the  circuit  fo^  a 
i^'^P^  approxiim  3  hours  melts  the  solder 
(seen  in  B  of  figure  7-9)  within  the  coil  whiSi,  in 
ftinvrelcM  ratclvetwlvML  this 
action,  ground  is  connected  to  an  alarm  circt^t  and 

*  the  operating  circuit  for  the  ihcpming  lihei  u 
open^.  A  few  minutei  after  the  ratchet  wheel  has 
rotated  and  relois^  the  alanh  spring  which 
StP^i^  !^J^I^  F^!^^  the^ldefb^^^ 
have  cooled  efficiently  to  permit  the^heel  to 
support  the  pNressure  of  the  spring  again.  JHus^  this 
hsit  coii  an  be  toed  rep^t^ly;  A  current  of  0:5 
ampere  or  greater  will  operate  the  heat  coil 

tiiim^iau^Jy.  

The  heat  ceil  at  the  left  in  figure  7-8  has  not 
ppera^;  Uierefore^  its  assbcia^  spring  are  held 

"  ^^}!^^  ^tact  wi^  the  ground  strip.  The  h^t^i  i  at 
the  right  has  operated;  thus,  it  has  released  the 

dq)resset  a  second  sprii^.  Thb  mate  spring  is 
shown  agmnst  the  ground  strip.  This  grounded 
spring  op^oei  an  alarni  at  the  power  panel. 

'  The  caohon  blocks  Jopoi-spoce  cutbut  type  of 
protective  device)  r^pon^  to  high  voltag^ 
itttrodu^  by  the  ou^de  1  in«  or  Jruii^ .  TTwac 
voltages  can  be  caused  by  wind  blowing  a  telephone 
line  aguim  a  lightning.  Figure 

7-10  picturs  the  constrocdon  of  a  oirbon  block 
afitembly.  The  carbon  bl#cks  are  sepiurated  by  a  thin 
0^005-inch  of  mi^  y^Juch  isj^itiajly  ciit  a^^ 
in  the  center.  One  carbon  block  of  the  assembly 
connects  to  the  line  and  tli^  second  block  connects 
to  ground.  A  surge  of  high  voltage  wili  arc  ao-oss 
the  aiigap  between  the  blocks  aqd  discharge  to 
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yfftun  ^'\2.  Co nhectihg  jumpers  from  protector  aMcnibly  to, 
horizonul  tcrmihai  board. 


ii'fi  n 


n 


JUM^M  HIM* 


Figure  7-14.  Jumpering  from  MDF  vertical  to  MDF  horizontal 
boand. 


2.  Subscriber  A  initiates  a  call,  during 
conversation  somtont  that  called  subscriber  A 
breaks  into  the  conversation. 


3.  Subscriber  B  can  make,  but  not  receive,  calls. 


A  subscr i bcr's  line  rcl ay  is  ppcratcd  sm  the 
phone  is  on  the  hook.  When  tsted  from  the  test 
board  a  ground  is  seen  on  the  ring  side  of  the 
line,  but  the  cable  pair  is  not  grounded. 


TERMINAL  BOARD 


CABtC  TO 
SWlTCMrNfi- 
EOUIPMCNT  UNITS 


Figure  7-13   Vcnical  terrtiiha!  board  to  horizontal  tcrtninal 
board  jumpers. .  ^ 


7-4.  Croas*CbiiDcdliigtbcDistrilNrtii^F^^ 

The  MbFj^rovides  tiK  teminatioiis  for  all  pairs 
within  the  incoining  telephone  cables.  Th<»e  cables 
contain  paper- ihsu^lated^m  wlu  ajr  a)hnected 
to  the  line  terminals  at  the  protector  assembly;  The 
IDF  provide  terminations  for  interoffice  thinking 
allowing  for  the  flexibility  dibsired  to  meet  changing 
needs,  in  this  section,  we  discuss  distributing 
frames  for  both  manual  and  automatic  telephone 
systems:  ^ 

241.  State  the  type  and  location  of  crbm-connects 
used  for  vai-ibiis  equipdieiit  airangetneiHs. 

Look  at  figure  7-8  to^  the  Hnc  arid^ 
terminajs  for  the  protector  a^mbly.  The  first  pair 
is  connected  to  the  top  protector,  the  second  pair' 
tenninates  at  the  pfotwaof  »4*f^y  ^^o?'  ^  ^^P 
protector,  and  the  third  pair  attl^h^:  to  the 
protector  below  the  J^cpnd  _^otia6r  TjUs^  you 
cam  see  that  the  litie-connecting  ^latterh '  to  the 
protectors  is  from  tKc  top  of  the  MDFs  vertical  to 
the  bbttbm.     

The  equipment  terminals  of  the  protector 
assembly  are  cn^-cbnncctcd  (jumpered)  to  the 
terttiinals  on  the  top  side  of  the  tenninal  boards  at 
the  horizontal  of  the  MDF.  The  lower  tcrmihals  of 
thcM  same  horizontal  boajds  t^ 
bi«  from  the  line  «juipipent  relays  and  switching 
eqiiipmwit.  Detail  A  of  figure  7-1 1  is  one  method 
of  showing  the  distributing  frame's  division,  and 
figure  7^12  shows  the  connections. 

Cirdiits  from  the  attendant  switchboard  and  test 
desk  i^nn^  at  the  vertical  sections  also:  But,  th»e 
tcrininations  aire  at  the  terminal  boartU  of  the  IDF. 
You  shbujd  rcmcmbcf  that  included  On  IDF 
scctu^ns  are  the  wires  for  the  trunks;  out-dtal 
to  cbhhector;  and  qut-djal  to  lihefihder, 
inforjnation,  city,  ma^eto^  common-battery,  and 
PBX  connector.  The  cabfe  from  the  attendant's 
cabinet  arc  brought^  into  thc-left  terminal  of  the 
terminal  board.  Again«  jumpers  tie  together  these 
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CABLE -TO  01«JTS_C0rLTAlNlNG  AU_TO_-  TO- AgTO  ASQ 
CCNTRAL.OFFJCt.  iClTr)  TRUNK  REPEATERS  AND 
INFORMATION   TRUNK  EQUIPMENT 


Figure  7-15. 


First  selector  cbnhectibhs  ib  horizontal  lerminal 
boardi. 


vertical  $««tion  termihal  bdai^  and  the  hbmbhial 
terminal  boards.  Thcsc  jumpcrs  connect  to  the  right 
^^jTtimalsof  Ule  y^^  and  the  top  terminals 

of  the  horizontal  terminal  board:  Figure  7-13 
reveals  these  (xjnncctiohs  arid  figure  7-14  pr«cnts 
jumpers  as  they  extend  from  the  vtruca]  to^ 
horizohtal  through  the  jumper  ring.  The  bottom 

1^^^^-^^^^'^^"'^!  ^^^^^^"^^'^^'^  connect  the 
"Sbie  pairs  Irom  the  switching  equipment  aniG»: 
Illustration  B  of  figure  7- 1 1  presents  the  plan  for 
connecting  the  attendant's  switchboard. 

Future  ex|»hsion  of  the  central  office  is  to  be 
cxpectwl.  &>n1c  jhtcrconhcinio^  A^crcforc,  miisi 
be  of  a  tiemporary  type:  These  connections  are 
convchiehtly  made  with  junipers  which  cdhncci 
between  the  d^ired  ufrminals  of  the  horizontal 
terminal  boards.  Cables  from  jflrst  selector  units  are 
connected  to  terminals  at  ^Ic 
horizon tal  termina I  boards*  and  jumpers  are  used  to 
connect  these  terminals  to  their  associate  terminal 


Figure  7-16:  Disiribiitihg  frame  jumpering. 

boards.  Figure  7-15  shows  th«c  jumj||p5  attached 
to  the  terminals  at  the  top  of  each  terminal  board. 
This  intercorinection  between  horizontal  icrmirial 
boards  permits  one  first  selector  to  access  10 
^P*^ For  cxampi e,  di ai i ng  the  digi t  9 
progresses  thexall  from  theilrst  selector  to  I  of  10 
city  trunks.  Figure  7-ll,D,  illustrat«  another 
connection  at  the  distributing  frame  which  pfovidcs 
a  special  function.  The  <^ble  from  the  private 
branch_cxchang^e^  w  at  the  p^ectors.  The 

jumpers  from  this  vertical  extend  to  a  terminal 
k^rd  in  the  horizohtal  rov/.  Then  this  horizontal 
terminal  board  is  interconnected  to  a  second 
hdrizonial  terminal  board  that  has  access  to  llne- 
H'l'^At?-  F'Sy*"*^  "7-16  pictures  ^ic  jumpers  between 
the  protector  and  terminal  board  and  those  between 
two  hdrizpriial  terminal  boards.  Again,  you  can 
see  that  the  cables  terminate  at  the  underside  of  the 
horizontal  terminal  boards. 

Exercises  (24i): 

I  •  Static  how  the  city  trunks  terminate  to  the  banks 
of  the  first  selector:  ,  ' 


2-  State  how  the  line  equipment  is  terminated  to 
the  sulKcribcr's  line: 


^hat  do  the  bottom  terminals  and  left-hand 
side  terminals  on  the  horizontal  and  vertical 
terminal  blocks  of  an  IDF  have  in  common? 
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CHAPTER  i 


Spring  Ascni&ly.  Tbe  -^rin^  whchvbperated 
by  l6c  itibvanoit  of  tfe  aniiature  lever  irm, 
ma&e  ahd''brn&  electrical^r^ts. 
Hcelpiox-  The  heejpieoe  teryei  as  •.mounting 
^9J^_rr]my  pu^  the  magnetic 

field  by  redudng  reluoanoc.: 
Armamre_Y<Ae.  The  annature  yoke  mounts  the 
annaxi»'e  to  ihe  heelfrieoe: 
).  Pivot  Pin.  Tfedt  Jllowt  the  intuture  to  wing  or 

pivot  fo  the  cbil-cbrt. 
I  Airline  or  Air  Cap.  The  airiibe  or  iiiij^j^  ^ja 
tfmot,  bctw^  tl«  aniMture 
T^'f        P<^y^^  ^  annature  from  binding 

on  the  beeipieoc.  

RwduaLScrew^Tbe  reaid\ja]  screw  is  made  of 
hrasi  and  eneo<|i  through  the  armature:  It  keopi 
the  armatore  from  toudiihg  the  core,  thus 
prcvaidng  ihe  relay  from  ronaihiiig  bpenited 
due  to  rtndual  maghoiitn  after  the  current  has 
been  removed. 

(»nt«^  bunker  orjMsl^^  disuncc 
to  makeprjbreaka^^ilom 
•  C^IL  Xbe  coij  is  aitoigti^^  wire  wound  around 
iLmcui  case.  When  caj-^u^^pplied  to  the  coil 

atti^ca  the  pmsmt  tb-it  | 

Ania^*         Arm,  The  armature  lever  arm 

moves  to  cMe  the  springs  of  the  pilcup  to  make 

and  break  eteorical  drcuits. 

Annature  L^ver  Arm  Backstop,  this  s^pc  the 

f^pn  of  the  armature  lever  arm  as  the  relay 

rcloses.  • 

Slug.  A  co^jpo*  jUug  pU^ 
arrnacare  fmd  ^o  makes     sl.ow  io 

PP«l«i  if  Jhc_  copper  slug,  is  placed  on  th? 
opposite  end  or  the  heel  end  makes  it  slow  hi 

re_lcgysc_.  _  _ 

Terminals.  ThcK  icnninals  provide  a  pbiiit  to 
connect  negairve  battCTy  aiid  grbiuid  to  bperate 
the  relay. 

Armature  Ybkc  Screw.  The  armature  yoke 
^j'e  "niwture  yoke  to  the  heelpieoc 
It  also  cbntrois  the  amount  of  airline. 


201  .  5. 


201  -  I 
201  -  2. 
201  ^  3. 

201  -4; 


WMo  hmi:  :  :  . 
y'l  thousa«a!ia  of  an  inch: 

Q^aie  .  4IOPhins  and  96  milliamps. 

Noftqpwaie  -  6 1 0  ohms  and  68  miiliimj» 
^  A  gaugft  of  J  7  thousandths  inserted  between  the 
^^'^      coil  core  should  definitely  allow 

cxmucti  4  and  5  of  relay  B  to  make  when  the  relay 

operates. 


202  -  I . 
202  -  2; 


202  -  3. 
202  -  4. 


202  .  5. 


203  -  I. 


203  .  2. 


203  -  3. 


204  -1. 
204  -  2. 
204  -  3. 
204  -  4 
204  -  5. 
204  -  6. 
204  -  7. 


The  postive  ieafOrom  the 
»hQujd_  be  ponnocMri  spring  4  when 

adjusting  or  letting  the  E  relay. 

The  tools  required  to  i6j\m  the  airiiiie  are  ah  offset 
icrewdriver  and  feeler  gatigo. 
The  tboti  reqlured  to ^djiM  tlw  rctiduii_»aewjL^ 
small  wTOich,  small  screwdriver,  and  Jeder^puigc. 
pie  tdi  equipment  requlrad  is  a  oineat  flow  tern. 

act   _  

V  To  nuketjhtfsa^eid^^ 

federgauge  and  current  flow  ten  set  afe  reqiur^: 
:  To^  make  the  .  conua  spring  adjittOiieiics  ah 
annature  bender  foriconii^  I  and  2  aiid  a  spring 
'  bendcf  for  ooftacQ  3  aiid  above  is  iieecied.  as  well 
as  the  oirfaii  flow  tm  set 
Opmte/Nbtibpmte  nxiuircnients  are  met  by  using 
a  spring  ^ider  and  a  current  flow  tek  aet 

The:_armaaire  arm  needs  to  be  idjiMed.  Feeler 
^uges,  armature  bmd&,  aiid  a  currait  flow  test  are 
required  to  it^e  0*  adlwihoit  T&  spHring 
oontaaa4juffinenti ileed  to  be nooad^  wid^require 
feel^  gauges,  spring  ben<^  and  a 
tai  set  to  make.  The  bpmteMooppente  vaiues 
<^>c<*'hg  and  the  stroke  setting  needs  to  be 
benders  and  the  current  flow  test  are 
for  op«tc/ripnope^  values  to  be  met 
•  bAdwop  boider  and  feeler  ^a§m  are  heeded 
fo_r_the_«rpkc  setting. 

l^juriine  is  set  too  dgla  (cloie):^  feeler  gai^e, 
offset  screwdriver,  aiid  a  oirtait  flow  test  set  are 
'^Jflj"^  to  rn^e  the  Mljuttment  From  ttwe  all 
adjustihehtt  heed  redwckihg  and  a<ijusting  as 

bujlihed  in  the  alxYve  antwo;.   

T!**,  a<yu«^  sbon  of 

H^fl^9^J^_^.%nnAWC  i$  too  close  to  the 
coiL  oprejw^  ojjcrated.  A  feeler  pufe.  wrwich. 
!crcwdriver_»%nd  a  current  Dowl  tot  ia  are  required 
to  make  the  adjiamiaitL  NQJE:  This  Mine  trouble 
iymptom  could  end  up  bang  a  ^ir^  odiI  core  and 
not  an  out  of  adjustmCTt  residual  a<^.  Once  the 
residual  screw  is  prbjp^ly.  s«|,  lhc_armaturc_arm 

J^'*»«li»*?^^  bender. 
^'D^i  controi  adju^  tension  muit  be 

i^ing  fecier  gayfcs  and  the  current  flow  t^ 
•«i  The_strokc:scriing  then  needs  to  be  iiiade  with  a 
backstop  bender  and  a  feeler  gii^e. 

I  ^    Jbi  cgij  mojinting  stud  nut  and  wuher: 

13  is  Uie  mounting  plate  sa^: 
6  is  th<  armature  support  plate 

5  18  thcWmaturc  support  plate  mounting  screw. 
1 5  is  tlH^mbtintihg  plate 

14  is  the  clamping  plate. 
I  is  the  relay  coil. 
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204  -S, 

204  ^9. 

205  -  I. 
205  .  2. 
205  .  3. 

205  '  4 

206  .  I. 
206  -  2. 
206  -  3; 

206  -4. 

206  •  5. 

207  .  I. 

207  -  2. 
207  -  3. 


208  •  1. 
208  .  2. 

208  •  3. 
208  •  4. 
208  -  5. 

208  •  6. 
208  -  7. 

208  •  8. 
208  .  9. 

209.  I. 


16  is  U*  rday  frmme. 

3  U  the  anxiature  reudual  plate. 

A  oombinauon^rn^^^  under  TEST,  at  10 
thpunndthi  ofan  inch. 

The  rcsiduaJ  settini_ of  _  the  XD  relay  in  circuit 

AS-30l36^i*4  ihquwndlht  of_M^^   

The  operate  value  ij  J  9  mtlliampi^  and  the 
aotfopmte  value  is  16  milJiampi  when  adjusting 
the  SW  reiiy  In  drcoil  AS.30236. 
B  obmbinioon  bradohbrelK,  undCT  READJUST, 
at  1 8  thbiniiidtiM  of  aii  ihdL 


l^rruUtejte^enduai  screw  atyUftiheht  requires  a 

fedCT jj^uate^  \wench,  and  a  screv^riyer.  

To  make  the  backstop  adjustment  requires  the  uae 
of  the  badatpp  adjustertooj  and  a  jMcr^uge^_ 
To  make  the  spring  tension  adjustment  on  break 
^rinp  requira  the  use  of  a  spring  bender  and  a 
prawrepi^ 

Tlie  make  or  bmk  adju^ficnt  of  ^firing  conacs 
ra^rcs  ihruae  of  feeler  gauges,  a  current  flow  tot 
set,  and  ajpriiig  bender^ 

to  make  the  operate  or  non operate  value 
ad}ystm<»tt  requi^  use  of  a  spring  bender  and 
a  current  flow  ten  set  * 

The  arinamre  Alport  plite  needs  to  be  readjpted; 
this  adjutfmat  should  hot        the  reudiia^icTew 
adjiatnMait  but  will  affect  the  badc^p  iKittihg. 
Tl^Jndlauion  here  is  that  spring  tension  needs  to 

be  |eM«ned-  _  -_  

Tbm  UT  two„po«ubi  jid^  ajl  the  armature 

wpport  plaoB  pfpbablyjiecda  a4dyustnient  but  check 
the  badotop  setting  first. 


CHAPTER  2 

Vcrnoit  Intem^ttr.  it  works  in  coi\junction_with 
the  mtiod  maples  xo  oofitrol  automatic  vertical 
neppihi  of  a  lihdlhda: 

RekiiD  •nnaurc  pih.  Its  ^uioibh  is  to  move  Uie 
double  detent  away  from  the  shaft  so  the  switch  can 
release  and  cause  the  double jietent  to  be  engaged 

\r/  the  rgtease  jink  at  the  «une  time.  

V^wtioM_nMtn«LJ»iL  This  wprta  jOTth_ihc^  o^^ 
vmicil  mAgit^-  PPii:_to_pui_Lthe  ycftiaJ_iLnnib|^^  up 
when  they  are  energised,  to  raiiejhe  switch_shah._ 
SUt  spring  (hdicai).  The  funcdon  iof  lhe  shaft 
ipriiig  is  to  returfi  the  shift  oompletet;  to  the  left 
(obuhlmtbdniiie)  whot-ihe  switch  relcsia. 
Double  detoit  (^>|):  The  double  dog  hs  two 
ftmctibn^  U)  to  suppoirt  the  sh^  during  vmical 
MBpping  and  C2)  to  prevent  the  diaft  from  heairhing 
to  rotary  normal  during  rotary  stepping  and 

ppnyenaiioji^    

Statibnary  disent  (dog).  It  suppora  the  shaft  during 

rotary  fteppAng.    :    _ 

Vetial  off-ftormal  (VON)  contact  asKemhly.  It 
makes  ahdydr  openi  ^euU  piths  daring  the  first 
vcrtial  (rciiue  mignM  cireiif  among  others) 
and  juit  before  the  sinft  n»urhs  to  vertical  normal: 
Rotary  anmiiire  It  nibvci  ibwaid  the  rotary 
magnets  when  th^  °^"8  ^  P*^* 

atudied  to  it  to  stq>  Uk  ftwtch   

Vertical  pawl.,  iti  ftinction_LS_  tp  raise  the  switch 
shaft  when  t^  vertical  armature  pulls  up  to  the 
vertiat  mapiec 

The  reloie  armatiire  pin-heeds  to  be  adjusted  in 
toward  the  double  dog.  Tliis  adjimment  requires 
the  use  of  a  wrench  and  feeler  gages. 


209  -  2.      Chances  arc_ the  ^baftj^nx  needs_more  tension. 

but  it  could  be  a  bad  wiper  or_a_wij)er  thatis^ut  of 
adjuscneit  a3id  draging  on  the  bank,  contacts.  No 
tobU  are  required- to  toision  the  shaft  spring. 

209  -  3.  The  dun  needs  to  be  adjused  so  that  il  operatei  the 
cam  spring  avembly  between  the  lOth  and  Wih 
rotary  stcpt.  A  screwdriver  is  reqiiined  ib  make  this 
adjimnienL_  __  

209  •  4.      This  trouble  cojUidtb»  |^^ 

adjustment,  thereby  throwing  the  shift  more  st^ 
verddaty  than  it  was  supposed  to  go:  or  the  lower 
arm  of  the  nadonary  d^oit  is  out  of  adjottnoit 
and  the  pawl  strika  the  verddd  ritdiet  in  the 
wrong  spot  Adjiinng  the  vmial  nugnra  requira 
the  use  of  wrehcfaes  and  feeler  Ji^ug^_^jusQhg  the 
^otionary  dog  requires  the  use  of  the  (U>uble  dog 
bolder    .  

209  -  5.  The  off-normal  leyw  is  out  of  adjusftnw^^  that 
the  VONs  are  not  at  normal  when  the  mtcfa  is  at 
hormat.  A  pcir  of  ptieri  is  needed  to  adjust  the  off- 
hbrinal  lever. 


210^1.      RaiiUig  _the  upper  dog  on  jhe  stadqhary  detent 
raisea  iher  shaft  during  rotary  _«g?ping  and 
conversation.  This  aff^ecs  the  adiuRmem^ 
wipm  It  ooold  ooncdvably  afTea  the  normul  post 
obptad  iiionbty  in  llncflfidsi  and  selectors. 

210-2.  Lx>wcruii  ^  P^^L^^  cUBe  the  v^ttat 
pawl  to  raise  the  shaft  more  than  one  Mp  at  a  time 
or_om  possibly  cause  the  vertical  pawl  to  break. 

210  -  3.  this  affectt  the  operatiofi  of  the^QNs.  It  could 
caw_  t|w_jrcleMe_a^^  operated 
continuously  and  mark  the  vMtfi^Jntty.  

210-4.  If  thcpin  is  Krewedout  too  far,jhe_switdijnay  not 
rdcne  or  the  double  dog  may  not  engage  the 

  rdnii  link  during  release.    _  _  _ 

210 -S.  Lbwerihg  the  vertical  niagneu  affecu  the 
fcQoKBiait  of  4he  double  dog  and  sadoctary  dog:  It 
also  affeds  the  wipu*  and  horitiat  po«  obhas 
iuMxnbjy  ^[juttnimts. 

210-6.  Moving  dwfottry  migMia  toward  the  resr  of  the 
switdh  Lnmaan  the  triyd  of  the  armature  aiKl 
pawl,  this  oouki  lead  to  more  than  one  rotary  step 
per  armature  operation. 


This  is  the  lodt  ^inng.  It  secures  the  twitch  in  the 
swit^  cell  or  ten  sec 

Digit  drum.  If  indt»ei  how  muiy  steps  dit  pMritch 

(nts  takoi  in  the  Y  diredioa. 

¥  migiH»_aiMmbi^._thii ouies  the  switch  to  step  in 

the  Y  directiofi  when  operated.  

Guide  nde.  It  indicatfla  how  many  steps  the'switdi 
ha  takoi  in  the  X  dtresion: 
X  anhature  bi^ilofx  It  prevail  die^  X  n^piet 
armamre  froiiiJ>eing^t6o  fir  from  the  X  riOiiK. 
E<eieM  nuignet  assanbly.  Causes  the  switdi  to 

release  and  activates  the  Z'  rdcM  springs.  

Tubular _teft  jUMnibty'_  Its  ftinction  is  to  .provide 

the  oog  rollersoinething  tp  slide  and  roil  on,  

X  mapict  asMmbly.  It  cauaca  the  coijroller  and 
wipa*  iHnbly  to  move  in  the  X  direction  when 
operated. 


212-1.     TheX  migMhMdstabeadjiKedioiheendo 

armature  etigages  the  X  iq>rbdcet  and  prrvdia  the 
switch  from  bvcntep^hg  in^  the  X  direction.  A 
krewdiilvv  and  XY  switch  test  set  are  required  for 
this  adjustment^    

2i2  ■  2.     The  Y  stop  needs  to_bej^u«ed._A  tc^^ 

wrench,  and  XY  switch  ten  set  are  required  to  make 

  this  adjistinenc 

212-3      The  digit  dnim  nee^  adjustment.  An  Allen  firrench 
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ind  feeler  gauges  are  required  lo  *-nake  'ht^ 

adjustment    _   

-4.      Tb^_^._**<'*^*^^»P  This 
•djuatment  is  made  >»ith  «  icrewd river.  .     :  . 

212-  5.     Tbc  Y  magnet  internipier  conuicu  arc  not  breaking 

when  the  magnet  nperaces.  Either  bumper  pliers  or 
^  a  icrewdrivef^  feeler  faulo.  Snd  an  X- Y  twit^  ten 

iel  are  hMdcd  to  make  this  idjuAxhent. 

213  •  1.      |^9Yini_ti^  Y  retaining  pawl  aiipnbly  _^iward 
incrcaio  the  tangemial  clarence  the  pawi 

indjLbci  op^  rollcrL_it_alip_  radial 
cJoirance  bowoen  the  Y  reuining  pawl  and  the 
tooth  of  the  cog  rolles^.  It  afTeca  the  wipcrv  ai  they 
will  itop-ihon  of  whm  thr^  ihbuld  in  the  wire 
binkt  The  idjiiMwii  b«weeh  the  Y  retaining 
pawl  and  the  rtlea«  armature  ext^bn  arm  U  alio 
changed,  v 

213-  2.     The  X  mining  ^wl  mpyed  to  Jhe  Irft.  aum  the 

cog  roiicT  home  pcwtion_to_  be_  rooyed  to  the  Jcft; 
thiAsffecn  the  X  gear  cJuAo'  (index  hole)  which  in 
turn  affectt  the  X  magnet,  ejector  map,  X-XX  tool, 
switching  lever»  and  pinion  gear  (wii>ers) 
  -  idjumens: 

213-3.  Moving  the  release  magnet  >nghtty 
<»unterciocIcwise  affects  the  radia[  cicaranqf 
y_  the__c»g  roiicr 

tooth  and  _mi|^Lcauae_t|w  s«dtd^  to  release  X  first 
or  Wore  Y  rekaae  U  completed.  _ 

213  T  4.  Turning  the  stop  screw  one-half  turn 
coffliCCTClodcwiae  demua  the  tangential  clearance 
bowMi  the  Y-rmihihg  pawl  and  the  cog  roller 
teeth.  It  also  aiTecti  the  Y-bff-nqrmai  (YON)  and  V 
overflow  cam  adjwnmoiL  The  pinion  gear  and 
^i^.  A^j^'s^^t'  >^  affected  as  well  as 
90gjpno'_p|ay.     

213-5.  Tightening  the  f ron t  screw  of  the  cog  rol Icr  suppon 
raiaa  the  portion  of  it  through  which  the  cog  roller 


CHAPTER  3 

'  2  i  4  -  i .     Sound  is  the  sanation  caused  in  the  nervpus  system 
_  _  by.  vibration  of  the  delicate,  membranes ,of  the  ar. 

214-2.  Sound  rcsuni  frpm  the  rapid  vibration  of  a  rigid  or 
_  _    _     mirigid  body;  _ 

214  -  3.     Three  mediuim  for  ibuhd  art  air,  a  liquid,  or  a 
K)lid.   

214  -4.     ^  inoiium  is  Unt  wh^^ 

vibimtihi^  body  to  io^^^ 
or  disunt.  Something  _CftiL_a  _lii|uid.  or  a  solid) 
bepomes  a  joedium  for  sound  when  it  abaorbs  tome 
of  the  oiergy  from  a  vibrating  body  and  raiders 

L .  _    _       thote  vibrations  to  some  otho*  pHoe: 

214-5.      Sound  travels  through  air  in  the  fdrrh  of 

—  cbhdaiMtibhs  and  rarcfaoibhs. 

214  -  6.     Cbhd^hntibh  is  the  bunching-up  or  condensing  of 
.^''L  O"!*  _ ll.de  pf_  a  .vibrating  bpdy^ 
I^J^^^PP  l»J**Ldij^«won  prihinninS  ou^  pf  air 
P%rticJei^njhe  ppppiitejiid^  pfihc  vibrati  ng  body . 
214  -  7.      The  rcpresenution  of  a  pure  tone  sound  wave  on  a 

_    _       graph  reaemblft  a  sine  wave. 
214  -  8.     The  frequency,  period,  and  amplinide  valua  of  a 
iound  wave  ah  be  determined  from  a  graph  bf  that 

—  -       sound  wave. 

214  -9.      The  two  major  pirts  of  a  transmitter  are  the 

214  -  10.  The  basic  funaion  of  a  telephone  tranfmlner  is_  to 
convert  the  sound  wavep  strjkijig  iu  diaphragm  into 
elearjcal  waves  that  arc  identical  to  those  sound 
waves. 


21-; 


214  -  12 


214  •  13: 


214  •  14. 


214  -  15. 


215  -  1. 


2i5  -  2. 


215  -  3. 


215  -4. 


Syhcn  ihc.cartH>n  granules  in  the  u.rb»)n  joclcet  of 
the  tr^nsmincj  an.  padch'.  elo^iy  together;  the 
rcfiitinoe  in  the  arout  d^^iio  ah(I  the  current 
increases. 

They  ^KHild  ^  ido)tJca|.  This  js  brausc  the 
diai^iragni^bf  jhe  transmitter  vibratcs  in  rk^punsc  lo 
^  •PMnd  wave^which  causathe  arbpn  jnranulcs  in 
thc  arbon  podcet  jo  be  packed  or  loosened  in 
response  to  the  diaphragm's  vibrations  The 
resulting  current  vjriatJOns  should  rocmble. 
idoitially.  the  sound  w«v^. 
The  tivw  bauc  parts  bf  a  telep^he  recetyer  are  a 
thin  metal  diaphragm,  a  permanent  magnet,  and  a 

coil.  - 

The  HMgnet  in  the  receiver  creates  a  magnetic  field 
Ite  yancs  iincreaaei  or  decreases)  in  strength  in 
itcp  with  the  varying  current  in  the  coll  ^tnind 
around  the  inapi^  The  %nanalidh  in  the  straigiJi  of 
the  mapictic  field  catnes  the  imxal  diaphragm  to 
vibrate  in  ro^hsc.  The  vibration^  bf  a  Hgid  or 
semirigid  body,  sMt  as  a  thin  meul  diaphragm, 

producM  ajnund    "  

Tl>e_f™g«o>cy_jncL^va^  of:  the:  electrical 
signal  on  the -nnsmi»ion  line  and  xhe  resulting 
sound  wave  at  the  reosver  ihoutd  be  idoidai;  This 
is  beaioe  theautoit  \«Hationi  aiiue  J  variatibh  in 
the  ^^igU)  of  the  ma|pm's  mi^aic  Held:  which  in 
turn  aiiies  the  diaphragm  of  the  rcoetver  to  vibrate 
in  reqmnae  to  those  changes. 

a  opmmpn_bittay_wbicri         a  manual 
system Jifts  _hts_  bandar  from  the  cradle,  it  ligha  a 
line  lamp  on  the  switchboard.  The  subscriber  in  an 
automatic  lytteifi  that  goa  off- hook  V^ris  the 
linefinder  equipment  ^uhtihi  for  his  bank 
l^pnrince;  arid  evomially  gets  dial  tone  frbm  the 
first  selector.  AutbmaUc  (nuiniij^^^^ 
•  number  bf  common  battery  (C3)  trades;  when  a  CB 
■^j^s^l^' jn  JM?  _*IHp^^    syM^  toes  off-hook  it 
i <IEhl|_»  linAl »!np_PJi_thc jnendantj  qibinet,:  -  ^  ■ 
The  stepping  of  selector  and  connector  equipmta  y 
in  reippnsc.  lo  jlial  pulses:  is  equivalent  to  arr 
operator  in  a  manual  system  looking  for  thejadc  of 
the  F«ny  reqosted ^  the  ailing  party: 
The  teRihg  of  the  line,  by  the  obnhectbr  switch,  tb 
doermihe  its  obhdmoij  (idle  or  tNuyj^is  CMquiyaient 
9P^^'' ^'nanu^Lsyttfon  teeing  the  jack 
W^iWK'  wjtirthe  call  card  to  detcrmine^f  the 

called  IjnA is  busy,  _   

The  iubicHber  reringing  the  operator  ii  equivalent 
to  a  subscriber  in  an  automatic  tyftem  hanging  up 
the  phone  to  release  the  equipment; 


216  •  I. 


The 


CHAPTER  4 
main  parts  of  a  C-E  schttne  arr  TBB  A 
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Implemehtatlbh  and  IhaJtallatlon 
or  Removal  Instructions  in  SOW 
format.    Also,  drawings  and 
applicable  support  documents. 


'  shins,  the  width  prthe_flpor  angles  and  at  ^eaA  4 

indxi  lon|u  at  low  level  areas. 

g:  Tl|htai  the  mourning  fasteners  maintaining 

-   Ui^meht  and  levelno^ 
219-2.      The  hardware  required  to  clajtip  a  sniail  cable  ra^c 

to  a  larger  one  iia  side  bar  aiid  corner  clamps. 
219-3.      Cab[e_  rack  comes  in  standard  5  and  10  foot 

iengthi^  

219-4.     Cable  mdc  comes  in  standard  widdu  of  6.  9.  12. 

18,  aad  22  indn. 


216  -4: 
216  -  3: 
216  •  6. 


217  -  I. 


217  -  2. 


218  >  I. 


218  •  2. 


219  -  I. 


Tht  KbttM  a  CO  be  pofoimed  it  Hcnilcy  AFB. 
THi  dli«6ry  tusBbrnwill  oonte  of  five  digia. 
Zm  will  be  dialed:  for  itifbraiadon^  9  will  be 
dialed  for  aooKu>      ounln,  1 1 7  will  be  dialed 
to  (Mtao^tlw  fire  dqakhmait,  and  118  will  be 
dialed  to  aoM  the  tan  dcilL 


Sdwmei  should  be  inspected.  pdor  to  jlw_ttartiof 
wort  to  avoid  having  to  undo  woriu  aiready  doae, 
bectUM  losie  othgajBicy  did  not  aooompliih  what 
itHMiuldhm,  or  becatoe  »ineihihg  that  will  affect 
the  innUlatibD  was  not  obittidered  or  known  wh^ 
Uw  ichiBM  was^bdhgjla^ 
C^fdinjringjnth  Sfcnciet  at  the  ihttaitatibn  nte 
abmi|_  requireinrats  such  as  lighting^  power, 
piumbiflg,  (tc^  t|y|t  oMy  iifcct  job  progress  is  the 
beit  fDetbod.  aioji^  with  inspecting  the  ^lity 
aggimt  the  drawings 


Whm  floor  uMukas  cxi^  r^craioe  liiics  are 
mbUMd  to  ioteiKct  at  right  ahglci  at  the  point 
i^CTe  the  inaiicen  are  located^ 
nlMse^Hoot  meikeft  do  iKM  exist,  reference  lines 
are  established  ^  «ntVi<4- -rwt.  oloJl 

«^Ua,re.  or*  p*u.rrtb   bob  PD^V^^  . 


a:  Place  the  floor  angle  op  the  floor  and  line  it 
oh  the  vcrti^  face  liKsid  mirk  the  floor  it 
the  jtioimiitfg  hoto.  -  -  -  i  _  :  :  _  _  _: 

b.  Drill  the  hots  in  ^  floor  at  the_niarked  plaott 
Qiing  an  eleazic:  jclrill_jor_a  jsar  drlU  _  and 
hammer.  If  die  hole  is  greater  tiM  3/8  inch  in 
dUimaer  drill  ja  piioL_hole^  TTie  hoie  will  be 
drilled.  J /4_ inch  deeper  than  the  size  of  the 

_  fasieoingilevice,  

c  Cl<9Uii>ut_the  ooncrece  dust  during  and  after 
driUlng^  the  bote"    ^  

d.  Inam  the  JRuiosing  devices,  into  _d^^   

e.  Place  the  floor  angles  on  the  yenical  _fspe_  Lines 
and  fmen  looeely  in  position  until  the  entire 
line  has  bem  laid  out: 

f.  Check  for  ilighfherit  ihd  leveinoi;  cutting  out 
as  much  linoleum  as  neoeinry  under  the  ftbdr 
angle  to  level  off  the  high  spots;  and  light  metal 


220  -  1 .      You  ^uid  firtt  select  cable  rack  of  the  pnT)per 
^o^th  in  the  ino«  econbi^^^  1^8^^ 
ib-foot  lengths  and  a  5  foot  length  of  cable  rack,  if 
syaili^le^is  the  bett^  

220  -  2.  The  teoojid  ]itcp  is  ^cing  tbeJlrst  seaion.on.the 
chaonel  bracing  above  one  of  the  selector  bays  and 

  ieqire  it  with  J  bolB. 

220  -  3:  AUct  the  first  ie^oh  is  secured,  obAnect  the  next 
length  of  cab^  ride  to  the  end  of  i^  first  usthg 
ttraiglit  damps  and  secureji  to  the  channel  bradhg 
^y>.A.hol&_This j»  ^Ldw  cable  radc 
seoions  above  the  two  selector  bays  is  up  and 
xcured.  

220  -  4.  the  ptaoonent  and  seouing^  of .cibJe  .rack  above 
bays  103  and  1.04  is  done  in  the  same  way  as  above 
bays  101  and  102. 

220  -  3.  Once  the  able  radc  runs  above  the  four  selector 
bays  ii  eomplete,  the  disaaoe  utom  the  aisle, 
between  ^  two  runs  iiiisc  be  mcBured  and  the  list 
loigth  of  able  radc  cm  to  thit  ^M,  It  is  connected 
to  the  two  ciblt  radt  nun  at  the  proper  aid  aiid 
secured  with  mrheir  damp^  Then  the  rucis  ahd  the 
crossover  jehgtb  of  cable  rack  miist  be  leveled  arid 
completely  seaired. 


221  •  1 .     THb  power  and  ground  r^irn  cabUa  are  placed  <m 
the  cable  rack  first;  the  le^|dis  of  switdiboard  cable 
are  nmnext  and  then  the  small  wires  are  run. 
22  i  '2.      T^  incthod^ 

Qn_  tpp_pf  the_q^_r^._a^        other  types  of 

cable,  or  underneath  the_cabie  _rack,  

221  -  3.     The  cables  arc  laced  toievwy  other  (second)  cross 

  ffispjinlesi  otherwise  spepified.   

22 1  *  4.     The  first  idteh^  (Bfld  is  the  starting  stitch,  on  each 
crbS  lirap  uKd.  Then  the  Kansas  City  stitch  is  used 
to  secure  the  lengths  of  cable  to  the  orosi  strap. Jt  is 
finished  up  with  the  ending  stitch  (Hawthorne - 
knot).  f 


222  •  i .     The  standard  twenty  ^olor  code  is: 
Blue 

dcocn 
aiack 

State  

Blw-Wmte 
Blue*Orahge 
Bliw-Green 
Blue^Bladc 
Bluc-Siate 
Orange- White 
reen 

Orange*  BLadc 
Orange-51ate 
Green-White 
Green -Black 
GreehrSIate 
Blick-White 
Black.SIate  ) 
Slate-White  / 
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223  -  1.     A  rifihed  form  is  a  group  of  conductors  that.      224  •  1. 
originate  at  the  butt  of  a  cable  or  a  corresponding 
point  along  the  lewod  portion  of  the  cable  form.        224  •  2. 
pft»  through  a  fanning  device  and  end  at  equipment 

—  toltiihaU.  224  •  3 
223  •  2.     The  itiaxirnufh  number  of  terminal  blocks  a 

—  boriibntAl  fanned  R>nn  can  fan  out  to  is  five. 
223  •  3.     The  majumum  that  a  vertical  fongi  can  fan  but  to  is 

ai!  the  termmaj  1>|<>Gks  in  one  vmical  onb;^  224  -4 

223  -4.  >Mlb«dj^^ 

predttoinined  before  the  forming  begins  oi\a 

•wad  form,     _  _  _    _     _  : 

223  -  5.  "  If  the  maximum  diameter  of  a  icwec^^rra  is        225  •  1. 

between  1/8  and  I  Vs  Inchs.  a  sngle  ^An6  of 
__:  nwtiber  1 2  twine  is  uMd: 

223  -  6:      A  forin  sewed  with  double  nrah^  of  number  12  — 

twine  excec^  1  '/^  inches  in  diaimnec^  225  •  2. 

223  -  7.      Termmgiing-  cbnaisti  of  abipf^ng  the 

fiywife  conductora,  placing  the  conductor  in  or 
y^ji>^prop»Jerm_ina_l,  ani^  225  -  3. 

223  -  8.     The^  jwp  _  methods  of  securing  conductors  to 

I:       terminals  are  soldering  or  wire  wrap.  _ 
223  Cosdoccors  may  be  untwisted  ohJy  as  far  ba^  as 

the  fanning  b^d  of  a  torhinal  strip  when 
tcrihihatihg. 

^'    ^  *,f^^_^  T^^*  ^  i^i^  Jf^i^  for  wire  wrap 

*«inin*ypns  js  IJMo  j  Vj  inchei.  *  

■  1     The.  minimum  number  of  wraps  for  wire  wrap 
tenninations  ts  five. 

On  a  notched  lerminaU  the  wire  is  broken  off  at  (he 
back  and  (dppbsttc  the  notch  front)  of  the  terminal. 


223  - 
223  - 
223  - 


power  is  connected  to  the  switching  eqaipmcnf  teys 
after  all  the  wiring  in  the  bay  is  completed: 
All  power  cables  terminate  at  the  fiisc  panel  of  the 
power  board: 

WhCT  'tcrinihatihg  pdwrr  cable,  ybujhbuld  okwcryc 
good  wiring  and  soldering  praaices  at  ail  times, 
ihsuring*thai  alF  connections  arc  clean  and  tightly 
secured.  

Power  cabla  are_attached  to  fuse  panels  and  bus 
bars  in  the  equipment  bays. 

Youshouldiinnoiate  the  floor  plan  drawing,  in  iiBd 
penal,  to  show  the  locatioi^  of  the  new  equipment 
in  your  exchange.  Any  notes  you  want  to  add  will 
be  ih  blue  pencil. 

a.  Blue. 

b.  Yellow. 

c  Ral.  

At  ieajXTv^^  copies  of  affe^ 
up  to  rdlert  changa^  Qnc_  copy  is_  forwarded  for 
_oontciing_ihe  and  .  to  get  new 

d«>^W  m«ic;  the  other  copy  is  maintained  in  the 
o_rganizatiojn«  as  the  installation  drawing  until 
updated  copies  are  received: 
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Kigure  1 .  AFTO  Form  229  (answer  fur  objective  226.  exercise  1 ,  a  e). 
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232  '  I. 
232  .  1 
232  •  3. 
232  •  4. 
232  .  5. 

232  .  6. 

233  •  I. 


233  -  2. 


234  .  I . 
234  .  2. 
234  .  3. 
234  .  4. 
234  •  5. 
234  •  6 


c. 
b. 
f. 
a. 


W)M)  jfac  HMiDttb  liD€  aaiaiag  opaigi  fib 
hand  fMiior  it  duiaei  rdiy  RU  ^  op^rmtt  to 
ia  X^ntacti  1^  RU  rcday  then  dperattt  fully 
'  thfbttfh  ia^X_a>ntaaB  i_and  2  to  bMiery  on  X 
contact!  21  ami  22  of  the  RU.  Contacti  j  and  4 
of  theJlU  ^oae;  piadng^ifoundoutthejL^ 
ta  light  die  incoming  lamp  on  the  operator's 
fd^teooe  tmit:  ^   

'^^L'^^^  ^'P^^^  ^ '^^^^^ 
ma|p»^  Up  draiit,  the  line  bmp  (INQ. 
Moottcd  with  die  drcuit,  of  die  op^u>r*s 
l^cpiKme  unit  lights;  _djie  jo^^^  tbt_  groubd^ 
poteptiaK^^  the  lL  lead  _fipm_the  callitti 
inaineio .  Jil^^t«»her;_  aHp 
opcraica  the  NA  rday.  If  die  night  alarm  (NA) 
iwitdi  Is  opntad;  the  opraing  NA  relay 
cTbiM  a  |Mh  dtroiigh  ia  cohtt^  3  and  2,  wfeudi 

■  opcratSB  the  buzxer.  ik_ 
Wlwi^tl^  TALK-RlNp  k^^Nie  bpiritof'i 
td^>ho_n€  unit  ji  J>laaDd_inj^^ 
its  4D:and  5Q  amtaos  pUce_frpund  on  die  BL 
lead  to  the  magneio  Une  cimdLtl^Jllun^ 
RU  rttay  tn  die  itiapicio  line  drcuit  causing  jht 

RU  r^ay  lo  tcicase«       i  v  ./ 

Whn  die  key  U  plM^  inihe  TiM^ 
opntaos;  (1)       and  V>  dote,  s  pdi 
gi^uMl jp  ppnM  the  SW  rday«  4aa^ 
doae_s!path  from jrpund  to  ligitt  die  BSY  lamp 
andom  the  EL  leid  to  ihunt  th^  RU  relay  in  the 
m^hcto  line  drcuit,  and  J3Ji  20  jmd  3D: and 
2C  and  3C  doie  die  traiomiMton  padi  between 
die  operator  and  the  iu^ia^be'.         _  — 
The  bhjy  Uiingjhat  happou  in  the  CB  tifw 
d rail t^when  die  iibicnba'  gdN»  btf-tjdok  is  that 
the  INC  line  lajnpjbr  die  droiit  lights  on  die 
l^ylt^board.  it  docs  this  from  ground  on  a  line 
jade  contact,  j|u^q4igh_t|w  subimb(V*s  IJim  1^ 
Qoniaas  of  die  iin«  jack. Jo  battery  on  the  NA 
lesl,  dffoflih  die  INC  lamp. 
Whoi  the  opmtof  inmtlilheiiiiwef  cord  into 
the  Jihe  ^kdc  it  (1 )  dpms  die  line  jade  oontics, 
which  ^hfuishet  die  INC  lamp  and  (2) 
cbmpliRes  a  paih^from  ^ound  ofl_tlie  ilaeve  of 
thejine       opcraiM jhe^  RS  rday  injhe  cord 

'  drojit  _dm>ugh_die  sleevt^  the  wwwer  cord, 
When  die  RS  relay  operates^  it  dota  a  path 
through  La  2 J  and  22  and  24  and  25  Qpntaos  to 
operate  the  RB  relay  over  the  subicriberV  loop. 
llK  rnr  wperviudri  lamp  may  fluh;  bat  does 
hot  remain  lit. 

Whoi  d^  operator  ihterti  die  «tl  cord  ihtb  die 
»Jiod jjany'i  liiK  jac^  in  the 

oord_draiit_open|iei  from  the^gr^^  on  the 
•iecve  of  the  line  jack.  When  _d«  _FS  relay 
operates,  iu  1  and  2  oonucu  close  a  path  from 
pound  to  operate  the  front  ntpervisory  lamp;  it 
alto  dosei  a  panial  path  for  the  FB  relay. 


255  •  I.     The  trouble  oHUd  be  in  opa 

RU  of  die  maghetb  line  draiit;  but  the  inbtt  likely 
problon  u  dijty  obntactt  23  and  24  oT  relay  RU. 
Burpisfajpg  the  contacts  thoukl  dear  the  trouble. 

235  -  2.  trouble  iA  an_opai  wind^^         windings  in 

treUy  RE  of  tbec^muor*!  drcuit  and  requires  thaJ 
the  coil  'be  replaoed.^  It  cannot  Jbe  a  ihorted 
cipadtbr  C4,  C5,  or  C6  « this  would  &mt  a  foe 
to  blow.  — 

235  3.     This  trouble  isdjrty  d9nta<»of  nday  FS;  ddier  24 

and  25  or^  I  ami  22^ 

dcariltejtroubje._lV  opublealTectt  only  pn^^^ 
drcuit  oothe^pomoji  eKimioating  the  powbiiity  of 
the  operaior'r drcuit  (foldout  5% 

236  -  1 .     a.  A  ihbrt  is  fowid  iuihg  this  fan  board  by^tadiig 

die  Wbeu^itie  bi^lge  am 

This  is  done  by  j^adng  die  sdectbr  switdi  oh 

step  4,  

b.  The  Uoe  !siuA_  be  li!ied_fp_r_  baooy  ^tential^ 
prior  to  using  the  Wheantoiie  bridge  as  battery 

  -         on  the  ttne  wiU  inin  the  bridge. 

-236  •  2.  a  You  uRfor  a  biciny  petit tiil m  the  ring^de 
of  die  lihe^uiidCT  jcA  by^^p&^n|  dg  w&Kmt 
twitch  oh  Mp  3  ai^  o^^ng  die  TBT  REV 
Uy.  If  dim  is  ban«y  potn  prami,  a 
?«diiyLi|J*«_oo  jhe  vplmur.         _j_  „  _ 

b.  Y_ou_tcK  for  a^^ound  ^pint^  the  tip  side' 
of: the  line  JoSLY  wSm. yon  bam  deiemined 
that  no  battery  is  present  Place  die  Mcctor 
.  iwU  on  mil  3  isd  opfBntm  the  WhwsiDQe 
bridge.  If  frbSid^ottQdal  is  pcwft,  a  raiding 
is  obtained.  NOTE:^The  te^  pofbrih^ 
individually  in  ex^dseL236*2«a  and  b  eta  be 
performed  _with  qn^  tMt^PUoe  tteseledpr 
twitdi  on.iiep  2  and  _ppmtc  _the_l  £SI  REV 
key.  If  the  inecer  has  oMsved  to  the  rijhl  or  up 
die  metericalet  pound  is  praent  on  the  dp  side 
and  banery  oh  t|ic  ring  ^c.  - 

237  .  1 .     When  a  magMb  tine  drcuit  btdws  a  fiMe,  the  fuse 

alanh  (FA)  lamp  to  indicate  jhat  a  luie  luu 
blown.  The  lamp  lighls  beoaisK  dsn  tacts  l_ahd^,  of 
dMLOpenued^  the  FA  rday  opentc 

beau^  when  the  fUiebiew^it  dosedA 
battery  to  the  ftiae  alann  bar  that  fiuu  between  the 
fiae  studs  and  which,  is  connacted  to  ground 
_  _  through  die  windifffs^  die  FA  r^iy. : 
237  .  2.  -The  lamp  ill  figure  6«t4  fhay  hot  light  for  only  two 
itisofis  when  die  bell  rings'^  a  burned  oi»  FA 
P]]-^^  itaU>_PJlI^  «*lAy^PA  arc 

dir^  The  oornectLye  Mtioj^ampimts  tp  ta^ 
the  relay  pgniaos  \or  _  r^iadng^  t^^  Jamp.  _  A 
oondnuity  test  using  a  test  lamp  or  reodvcr  will  pin 
the  trouble  down  to  the  spedfic  spot  causing  die 
trouble: 

237  .  3.  Thde  are  two  pMibiirties  here:  (1 )  the  wihi  of  the 
second  blown  fiise  may  not  be  tdudiihg  die  fuse 
Silarm  bar  or  (2)  the  fuse  may  be  Installed 
badcwards  shundng  the  drcuit  of  the  FA  relay. 


CHAPTER  7 

238  -         The  table  of  cbntchu  pagw^list  tl^  PMls  in 

HM'^l.^i^^L  ?^^.       ?YP^         _iiil?«  !h^ 
Lntrpductipn_page,  the  recomrnended  schedule  for 
'  iccpmpjijhment  of  routines  page,  and  the 
suggestions  page. 
238  •  2.     The  introduolon  page  ooniaini  three  lecttons; 


purpose,  soope,  and  responsibilities. 


238  -  3.     The  fcncrai  infonimlon  paiiyph  oonuini_thc 
purpow  of  the  pTticuiT  routine,  the  appfoxin>ate 
^  toe  _requjijgLL  _  to  pcrfonn  the  rDutine.  and 
inftnactkms  ooncerning  milltiiictiotii  found  during 
(he  roiitttte. 

238  •  4:  The  iniitfiili  required  pirigriph  litti  all  the  it^ms 
heoHMry  for  Uw  i  fwrformihas  of  a  particular 
rouUn^  otoopc  IM    - 

238  •  5 .      Th?JI<>^!*0!^^^**^^         9on^h^  ^  itep'hy.ttep 

pcrfomiins  tte  rcMUinc  and  cxpe«ed  teM  remits. 

239  -  i .     Type  1  PMIi  are  paformd  fa  teK  for  the  propo- 

opmdofli  of  a  iwilcfi  or  aroiit  uiider  hdrmal  br 
nevly  nbniMl  druat  bpnjiting  cbjidjtibfu. 

239  •  2.  Type  2  PMIs  are  perfbrmed^nly  when^it  hu  been 
deiimiMd^het  the  equipment  requirea  alignment 
or  e^juMDicnL    

239  •  3.  Typ«  i  and  3_P^4IJ  M^orfonn^  at  the  intervals 
Bigyeted  in  the  workouda,  orAinore  often  if 

  iimwryfoc  proper  jQDntmncef 

239  -  4:     Type  3^  PNfls  are  pcrfQlrnied  to  keep  the  eqiuprhcht 

^ttn  and  propo'ly  lubri<atKl  and  to  FMevem  the 
sluggish  opentibn  or  nohopentioh  of  equipnicnt 
due  to  dirt  and  dust  oombining  with  the  lubricant. 

240  1.  *  The  host  coils  avpciated  with  this  subscriber's  line 

#    should  have  blown  immediitely  when  the 


wbacriber  weni  ofT-hook.  Replacement  of  the  heat 
coils  is  required.  _  _  .  _  _  . 

240  -  2  Thesnp  of  the  C  tenninaj|bctwcen  the  LF  and 
CONN  terifiihals  bh  the  hunKer  tennihal  block  is 
missing  or  open.  The  strap  needs  to  be  repiaoed  or 
^**c^'^M.'^!*^^J*>.lni  r^   ._ 

240  •  3.  The  straps  on  the  number  block  between  the  LF  an^^ 
CONN_  Up_  and  ring  tOTiinali  and  possibJy  the  C 
terminal  are  miasing  or  opcn.Kepladng  the  scrapa 
should  clear  the  jttouble^  If  the  jumpo'  wore 
'connected  to  the  CONN  T  and  R  tennihals,  the 
nibiaiber  could  receive  and  not  make<caiii 

240  •  4.      pie  subscriber's  line  is  grounded  on  the  ring^sideby 

a  shorted  carbon  block  in  the  protector  anembly  of 
'thc  MPF-  J^o&l*dng  ttie  carbon  block  is  the 
corrective  action. 

24 1  -  1 .     The  drcuita  to  the  dty  trunks  from  the  banks-bf  the 

first  selector  are  ooii-cbnneaed  at  the  IDF  with 
jimipm.  Both  the  dty  triihks  jihd  minks  from  the 
banks  bT  the  seledbrs  raach  the  IDF  by  cables. 
241  •  2.     The  subscriber's  cable  pair  is  germinated  to  the  line 

24 1  -3.  TTte  bortom_MdJdft^l»nd  side  terminaJs  of  the  IDF 
lerminal  . blocks  both  terminate  equipment. 
Equipment  interoonnecdoni  are  madc-on  the  top 
snd  right-hand  side  terminals  of  the  IDF  terminal 
blocks. 
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2.  USE  NUMBER  1  OR 
NUMBER  2  PENCIL 


^  EXTENSION     OURSE  INSTITUTE 

VOLUME  t<£VIEW  EXERCISE 
TELEPHONE  nmDAMENTALS  AND  MANUAL  TELEPHONE  SYSTEM 
£arcfuli^^-rcaipii«^ollowing : 

1.  Check  the  "courseV*  '^volume/* "and  "form*'  numbers  from  the  answer  stiffSX 
address  tab  against  the  "VRE  answer  sheet  idenlificatioh  numbef"  m  the 
righthand  column  of  the  shipping  list,  If  numbers  do  not^atch,  take  action 
to  return  the  answer  sheet  and  the  shipping  list  tbiECI  immediately  with  a 
note  of  explanation.  ,  |  ^  . 

2:  Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column 
to  column;  " 

3.  Use  a  medium  sharp  #1  or  #2  black  lead  pencil  for  marking  answer  sheet. 

J     _  _  _     _  _       ,i»  _     _  _  1 

4.  Circle  the  correct  answer'  in  this  test  bojklct.  After  you  arc  sure  of  your 
answers,  transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer^ 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean  eraser: 
But  try  to  avoid  any  erasure  oh  the  answer  sheet  if  at  all  possible. 
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6>    Keep  Vtilume  Review  Exercise  booklet  for  review  and  reference.  < 

7.  if  mandatorily  enrolled  stu^b.  process  questions  or  comments^  through  vour 
unit  Ifainer  or  OJT  supervisor.  ^  __ 

If  votumarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI 
ForJiAl?.  • 
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2.  DQn*t  "mark  on  the^l^ver  sheet  except  to  fill  in  marking  blocks:  Double 
maxks-or  excessive  m^kibgs  which  overflow  marking  blocks  will  register  as 
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Efon'^  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

It  >asc  ink  or  any  marking  other  thanla  #1  or  #2  black  lead  pencil. 
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Multiple  Choice 


(200)  The  relay  pperating  time  for  fast -operating  Strowger  r  s  ranges  from 
about        .       . '  . 


6. 


\ 


a.  3^  to  30  ffltlliseconds  . 

b.  9  to  ^5  milliseconds. 


3  to  50  milliseconds"; 
8  to  60  milliseconds. 


_      #    _.  _  '     «        ,  - ..    -    -   -  ,  - 

2.     (200)    Which  of  the  following  types  of  relays  does  not  use  a  single  wound  coil? 


a .  . Slow-acting. 

b .  fast-operating , 


c .  Slow -releasing . 

d.  Differential. 


3.  (200)     On  a  relay  equipped  with  a  standard  lever  armature,  the 

a.  armaturA'  has  a  mechanical  advantage  of .  approximately  2.75  to  1  in  respect 
to  the  contact  springs. 

b.  contact  springs  have  a  mechanical  advantage -fef  approximately  2.75  to  1  in 
respect  to  the  .armature . 

C.  ratio  betveen  the  contact  springs  and  the  armature  is  approximately  1  to  ^. 
d.     armature  ratio  is  such  that  the  unit  is  classed  as  a  slow-acting  relay. 

4.  (200)     The  best  reason  for  a,ttaChing  a  nonmagnetic  risisidual  plate  to  the 
armature  is  to  offset  the  effect  of 

a.     magnetism  retained  in  a  relay  armature  and  core, 
b;    magnetism  retained  in  a:  relay  core  and  coil. 

c.  incorrect  mechanical  adjustment. 

d.  incorrect  electrical  adjustment. 

5.  (201)     Relay  adjustment  is  divided  into  how  many  major  classifications? 


a .  One . 

b .  Two . 


C.  Three, 
d .     Four . 


(201)    The  stroke  setting  is  that  distance  between  the 

a.  flat  part  of  the  armature  and  the  core  when  the  armature  is  at  normal. 

b.  tip        the  residual  screw  an5 »the  coil  tore  when  the  armature  is  at  n 

C.    -flat  part  of  the  armature  and  the  core  when  the  arm^tiire  is  in  the  operated 

position,           

d.     tip  of  the  residual  screw  and  the  coil  core  when  the  armature  is  in  the 

operated  position.  * 

7.     (202)     What  tool  should  you  use  to  make  the  stroke  setting  bh  a  relay? 


a.  Contact  spring  bender. 

b.  Offset     ^rewdriver  . 


c.  Backstop  bender. 

d.  Duckbill  pliers. 


(202)     What  tool  should  you  use  to  tension  a  relay's  contact  springs? 


a.  Duckbill  pliers. 

b.  Longnose  pliers. 


c .  Offset  screwdriver. 

d.  Conti(  i   'jpring  bender. 


(203)  Which  adjustment  is  probably  wrxDng  if  the  nii^'.^c'  springs  have  too 
much  travel? 


a.  Stroke. 

b.  Airline. 


c.  Residual. 

d.  Armature  arm. 
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(203)_  What  _ad  jus  r-ments ,_  other  than  spring  cOT;;tacts  1  and  2,  arc-  Effecfrc  r- 
adjusting  the  armature  arr,? 

•  =      Residual  and  spring  cor.tact  tension, 

b.  Stroke  and  snri-ng  contact  tension: 

c.  Residual  and  strcke. 

d.  Stroke  and  airline. 

_  .  .  :    .  .  ...... 

(20U)  The  C-t>*re  Strorrir^ere-Carlisbr  T-2lp.y  is  equipped  with  all  o5  the  rcilo-.:in 
rorr.oonents  exceot  dual 


: 3i j> :5  . 


c.     armature  clios. 


b:     arnatures.  d,     spring  pile-ups. 

(COu)  As  viewed  from  the  rsAT  of  the  relay,  which  of  the  follov;ing  staterients 
best  describes  the  method  of  numr-ering  StroTi^berg -Carls on  relay  spring-  contacts? 

a.     One  to  10  for  the  left  spring  pileup  and  11  to  20  fci'  Th'E  r.r'-  t  spring 

pileup.  .  _  .. 

b  ,     One  to  20  for  the  left  spring  pileup  arid  21  to  40  for  rignt  ■  rring 

pileup ,  _ .         _  _ 

c.  CTie  to  10  for  the  right  spring  pileup  apd  11  to  20  for  the  leit  i.rl't 
pileup .  ...  _        .      _  _ 

d.  One  to  20. for  the  right  spring  pileup  and  21  to  ^0  for  the  left  sprlr.z 
-pileup. 

(205r   See   Figure  1-32  of  the  text.     What  is  the  f.r^si dual  screw  setting  for 
relay  XD?  .    _.     '     .  . 

a.  .004  inch.  '       ,  f -  -  c  .\ ',;feo7  inch.      '  ,  ^  \ 

b.  .006  inch.  ^  ^      ^'^'^^^  ^d* 009'  inch .  ^  " 

(205)  .See  Figure  1-32  of  the  text.  J^etX/ is  the  operate  value, ^in  mlli^ps-, 
for  adjusting^relay  SV/?  .  _.  '  .  ^  • 

a.  14.5.   -  '  ^  c.     19.  ;  :"    '     *    ^  • 

b.  16.  d. ■    21.  r       '      .  . 

(206)  What  size  feeler  gauges,  larger  and  smaller  than  a  residual  jjipecif icatipn 
of'.Oi:    "nch,  are -used  for  adjusting  an.A-type  relay  with  the  armatuJ*e.. 
cperat-i     dv  hand?"  ' 

----  -  ">y- _"  _ 

a.  .001  inch  larger  arid  .001  inch  smaller. 

b.  .001  inch  larger 'and   .002  inch  smaller. 

c.  .002  ir.?h  larger  and  .:001  inch  stnaljer. 
dp.     .002  inch  larger  and  .002  inch  srr,aller. 

(206)     The  preferred  method  for  gaurir.r  make  contacts  is  by  adjusting  the 

a.  armature  support  plate  mounting  screw. 

b.  armature  'residual  screw, 
c  .     ^^niature;  support  plate  . 

d.  ■  light  spring  contacts.  ■  . 

(207;)     When  the  armature  of  an  A-type  rela^  pulls  jlp  completely  to  the  coil  ^ 
core,  the  make  contacts  do  not  make.     if 'the  resi<ijal  adjustment  is  correct, 
■'what  adjustment  should  be  made?  X 

'  >■»        .  ^ 

a.  Further.  q-     P^^^^^^^P  •  _ 

b.  Armaturf?'.  d.     Armature  support  plate. 


(208)    Which  of. the  following  listed  components  plays  a  part  rn  th«  vertical 
stepping  of  a  Stfbwgisr  switch?  ^  . 

a.  Helical  shaft  spring-.  c:    Normal  post  cam. 

b.  Stationary  detent.  d.     Normal  oin. 

(208)     The  double  detent  is  made  up  of  the 

^»  bank  detent  and  the  l^tationar^/  detent, 

b.    vertical  magnet  and  the  vertical  arma-  -:re. 

d.     vertical  detent  and  the  rotary  detent. 

(208)     The  stationary  detent  is 

a-    a  guide _ for  the  switch  shaft. 

b.  operated  by  the  double  detent  spring.   :        _  -  -       -   -  _ 

c.  u_sed  to  maintain  the  switch  shaft  in  the  predetermined  vertical  position 
while  goin^  rotary. 

d.  used' <fcr'iUi^  the_  release  function  _ only  and  maintains  mechanical  control  over 
the-  isrtaft  and'the  releaise  mechanism. 

(20.8)    Which  one  of  the  following  actions  best  describes  the  purpose  of  the 
helical  'Spring?  •  . 

a.  Increases  tension  during  rotary  stepping. 

b.  Prevents  overstepping  to  Hth  rotary  position. 
9*  y'ip®??  19  ^o'!i®._PPS ition  during  release. 

d.     Returns  wipers  from  any  rotary  position  daring'%elease . 

(208)     Restoring  tension  to  a  switch  magnet  armature  is  provided  by 

a.  the  stationary  detent.  c.     a  switch  shaft. 

b.  the  release  link.  d.     a  spring. 

(208)  Which  of  the  following  parts  are  associated  with  the  VcrTicouL  ConTocT  »-*>iP*^ 
assembly?  • 

a.  Wir^  bank,  XX,  and  k  banks. 

b.  Bank . contacts  and  card  holder. 

G.    ^ertical  bank  and  switch  shaft.  :: 

d.  ^*ontrol  contact  bank  and  line  contact  banks. 

(208).   The  bank. wipers  of  the  Strowger  two-motion  stepping  sivitch  will^^rmally 
rest  in  a  position 

a.  one  stisp  bisldw  arid  brie  step  to  the  ^eft  of  the  r   .Gt  row  of  bank  contacts. 

b.  on  the  same  level  but  one  step  to  the  left  _of_  the .  first  level_of  contacts. 

c.  brie  step  below  arid  Ope  step  tb  th'^  right  of  the  first  ^level  of  contacts. 

d.  one  step  to  the  Xeft  of  contact  ten. 

'^208)     A  conversation  thru  a  central  office  is  completed  thru  which  of  the 
following  switch  components?  V 

a.  Line  banks  and  associated  wipers. 

b.  Line  banks  and  control  bank  wipers. 

c.  Control  banks  and  associated  wipers.. 

d.  Transmission  both  coilfj  md  control  banks. 


'-''^T^.   ,(209)    What  amount  of  tension  is  considered  proper  for  the  double  dog  spring? 


27, 


a.  75  to  150  grams, 
i).     150  to  250  g3?ams. 


c.  250  to  uOb  grams. 

d.  300  to  USQ  grams. 


(209)  When  a  Strowger  switch  has  completed  vertical  stepping  and  has  taken  two 
rotary  steps,  what  is  holding  the  shaft  in  the  raised  position? 


a.  Vertical  detent. 

b.  Stationary  detent. r 


c .  :    Rotary  armature  backstop. 

d.  Vertical  armature  backstop. 

1^. 


-(211)     The  most  outstanding  characteristic  of  the  XY  universal  switch  is  its 


a.  versatility  as  linefinder,  selector,  or  connector. 

b .  mechanical  operating  principles. 

c.  quiet,  rapid  Connecting  feature. 

d.  ease  of  repair. 


29. 


(211)  Tne  X  gear  cluster  drives  the 
e.     tubdilar.shaft  and  pinion  gear. 


Her  and  X-XX  rack. 


c .  X  and  Y  carriages . 

d.  Y  stop  bar. 


31. 


at  switch  position  should  we  see  if  the  '*X"  stepping  mechanism  has 


twice,  and  the  "Y*'  stepping'mechatiism  six  times?  ^ 


p sit ion  H. 
Qsition  6. 


(21Sd    The  switching  Slver  operates  the 


Position  26. 
Position  62. 


32. 


a.  ^-XX'  rack  wiper^lH 

b.  release  spring-^iigup.- - 
C.    Y  off -normal  sp?ffi|[^^,^jb^p__* 

d.  X  off--nornvai'antf  tfij^Sx^l^rf iov  ^ipring  pileup. 
(212).  The  XY'  switch  was 


a.  to  .last  over _U0  years. 

b.  to  be  maintained  with  standard'  handtools. 

c*     for  apace  r«^«^jc6nientfiv  as  the  large  consideration.   J;  

d,-*'  to'ilfmiitattall  electrical  noise  on  the  transmission  circuits. 

_  __        I  _    _     ;  _   

(212)  While  making  ah  X-Y  stepping  speed  test,  if  both  lamps  flash  and  go  out, 
the  s^e^^^is 

^_5-**5  steps  per  second, 
32-4  5  steps  per  second .^^ 


c.  below  25  steps  per  second. 

d.  in  excess  of  45  steps  per  second. 


(212)  The  X  armafure  tip  is  adjusted  to  the  tooth  of  the  X  gear  cluster.  This 
adjustment  sets  the 


a.  ■  position  of  the  X  drive  pawl. 

b.  X  ejector  pawl  bracket. 

35.     (212)    The  Y  retaining  pawl  is  adjusted 

a.  the  same  as  the  Y  armature. 

b.  to  the  teeth  in  the  cog  roller: 

c.  with,  the  Y  stop  bar  disenpa^,ed  . 

d.  to  the  release  mapnet  extennion  arm. 


c:  X  stopping  action, 
d.     X  retaining  pawl. 


V 


36.  (21^*)    With  respisct  to  a  \*brating  bpdy,  cbhdensations  and  rarefactions  occur 

a:  at  different  times  in  opposite-directions. 

.  at  the  same  tin^e  in  opposite  directions; 

c.  at  the  s'ame  tir.e  in  the  same  direction. 

d.  in  a  vacuum  as  well  as  the  open  air. 

37.  (21^)    VThich  of  the  .following  cannot  be'computed  from  a  graphed  representation 
of  a  pure  tone  sound  wave? 

a.'   Power.  --  c.  Amplitude. 

~riod.        ^  ,  d.  Frequency. 

35.  ;     What  ire  "^he^,  twc  r.cst  imtort='.r,t       'lities  of  a  sound  wave  from  the 

st-^ndpbint  of  voice  cor.riun  icat  ior,s  ? 

-  '         _  ^.  *  _ 

a.  Amplitiide  ana  period:  c.     Frequency  and  distance. 

b.  'period  dnd  frequency.  -  d.'  Frequency  and  amplitude. 
39.     (214)     The  human  ear  can  detect  sounds  from  about 

a.  20  hertz -to  about  ^2  0,000  hertz-^         c.     20  hertz -to  abouV^O,  000  hertz. 

b.  200  hertz  to  about  20,000  hertz.  d.     200  hertz  to  about  30,000  hertz. 

(2ii+)    How  does  the  signal  on  the  line  compare  with  the  sound  at  the  trans-  'tter? 

a.  Sajne  frequency .  o.     Same,  relative  amplitudes .  ^ 

b.  Same  wave  shape.  d.     In  all  of  the  above  ways. 

m,     (2m)    What  are,  the  three  basic  parts  of  a  receiver? 

a.  Magnet,  coil,  and  a  frame.  ^      c.     Diaphragm,  magnet ,  and  a  coil. 

b.  Coili  frame i  and  a  diaphragm.  d.     Frames  diaphragm,  and  a  magnet. 

42.     (21U)    What  is  the  effect  of  variations  in  strength  of -the  magnetic  field  in 
,  a  telephone  receiver? 

\/        'a*     Diaphragm  vibrates.  c.     Circuit  resistance .varies.  _ 

b.     Line  CLtrrent  varies.  d.     Transmitted  sound  is  reproduced. 

^.^i?  action  of  a  line  finder  in  an  automatic  office  equate  to 

in  a  manual  system? 

a.  .  Line -lamp  operating. 

b.  Cj^ititor,  askiiig,,,  '^Ni^  please?" 

C.     Operator  plugging  a  cord  into  the  line  jack. 

d.    Operator  plugging  a  cord  into  the  jack  of  the  called  party. 

4M-.     (215)    What  is  the  maximum  number  of  lines  that  can  be  served  by  an  automatic 

central  office  using  a  linefinder,  two  selectors,  and  a  connect^  for  each  link? 

a.  1,000.  c.  10,000. 

b.  2,000.  d.     20,000.  : 


45.     (216)     Into  how  many  main  parts  is  a  C-E  scheme  divided? 


a.  2.  c.  ^. 

b.  3.  .  d.  5. 
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U6.     (216)    Which  of  the  following  is  included  in. the  general  information  division 
of  a  C-E  scheme? 

a.     List  of  material.  f  c.     Fuhctiohal  description; 

b:.    Test  instructions.  k  d.     Technical  supporting  data. 


U7.     (216)    Drawings  that  are  fumisted  with  a  C-E  scheme  package  are  classified  as^ 

a.  interim  and  installation.       \  c •     station  and  interim. 

b.  installation  and  general.  \^  d.     general  |md  station. 

U8,     (217)     The  installation  team  inspects  the  facility  against  the  C-E  schem^ 
package  prior  to  starting  work  to  ,  '  •* 

a.  deternjine  if  anything  that  will  affect  the  installation  was  overlooked. 

b.  insure  that  any  cbnistructibn  or  repairs  to  the  building  are  complete. 
C.  gain  the  necessary  agreements  from  facility  supervisors, 
d.  accomplish  all  cf  the  ^ove. 

  -  / 

i49.     (218)     Floor  markers  s^iQOld  be  jp lie esL^' buildings  to 

a.  provide  the  installer  with  a  positive  means  of  locating. equipment . 

b.  eliminate  the  need  for  measuring  and  marking  reference  lines. 

c.  provide  four-Way  alignment  of  equipment  being  installed. 

d.  mark  the,. location  where  the  MDF  is  to  be  installed. 

y  .        _  .  :       .    _       .  "  _  .  .       .  "    .  .     .   ^  .    .  .  . 

50.  (219)     For  installing  floor  angles,  a  pilot  hole  should  be  drilled  if  the  angle 
hole  in  the  floor  is  to  have  a  diaTjieter  in  excess  of 

a;     1/u  inch.  ,       "  C     1/2  inch." 

b.     3/8  inch.  d-     5/8  inch. 

51.  (219)     When  lining  up  floor  angles;  what  line  is  used  to  mark  the  mounting 
hole  centerline? 

■   a.     Reference  line  A-A.  c.  Vertical  face  line, 

b.     Reference  line  B-B:  d.  Horizontal  face  line. 

52.  (220)    What  are  th^  standard  widths  of  ladder-tjrpe  cable  racks? 

a.  6,  9,  12,  18,  and  22  inches.     ,  c.     9,  12-,  15,  18^  and  21  inches. 

b.  6,  9,  15,   18,  and;^.  inches.     '  d.     9;  12,  15,   18,  and  22  inches. 

53.  (220)    Wha't  hardware  is  used  when  connecting  one  length  of  cable  rack  to  another? 

a.  '    J  bolts.  -      c.     Corner  cl^ps. 

b.  Stringer.  "  d.    Straight  clamps. 

5U.     (221)    JJifiich  of  the  following  types  of  cable  is  Tisted  ahead  of  the  normal 
installation  sequence? 

a.  Power.  c.     Station  ground.. 

b.  >:^Lead  covered.  d.     Miscellaneous  wires. 

55.     (221)    What  is  us^  to  cut  power  cable?  '  - 

_  . .  'i 

^.     Saber  saw.  c.     Cable  shears, 

b  .     Boltcutters .  d .     Electrician ' s  knife . 
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■   56.     (221)    Cables  are  normally  secured  to  ladder -type  cable  racks  with  lacing  tr.vine 
at  every 

a.     cross  strap.  ■  c.    third  cross  st2?ap. 

"  b.     se.cohd  cross  strap."  d.     fourth  cross  strap. 

^7,  ",(222"')    Which  color  is  the  tracer  of  the  second  group  of  20  conductors  in  a 

^ ■       cable? I    '  .    ^  ' 

a.  Blue.        ;  c.  Black. 

b.  Slate.  d.  Orange. 

£8.     (222)    What  is  the  eleventh  color  of  t.     standard  20  color  code? 

a.  Blue-white.  c.     Greeil -white. 

b.  Slate-white.-  d.  Orange-white. 

59.  (22S)    What  does  the  terro  but.ting  mean  with  respect  to  cable?  ^  ^ 

a.  Making  a  length-wise  cut  through  the  sheath.  ^ 

b.  Making  a  circular  cut  through  the  sheath. 

c.  Taping  the  sheath  to  prevent  raveling, 
•d.  Removing  the  sheath  at  a  given  point. 

60.  (223)    Fanned  conductors  are  cut  off  how  many  inches  beyond  the  face  of  the 
front  edge  of  the  terminal  strip? 

a .     3 .  ,  ^  c .     6 . 

^       b.     4.  d.     8.  *~ 

61.  (223)    Sewed  forms  are  uded  for  cables  which  terminate 

a.  on  the  vertical  side  of  the  MDF.  "  " 

b.  on  the  horizontal  side  of  the  MDF:  «» 

c.  in  the  switchboard. 

d.  in  the  DTA.  - 

62.  (223)    How  many  feet  back  from  the  end  of  a  16-foot  se^d  ;form,  do  the  spare 
pa^JPS  extend? 

a.    1  '  c.  6. 

b:    4.  •  d.     8.  .     ~  . 

63.  (223)    When  terminating  at  a  notch^k  ter^minal,  the  wire  is  broken  off  in  the 

a.  back,  opposite  the 'notch,  after  Tj  1/2  wraps.  ^  ,^ 

b.  'back,  opposite^ the  notch,  after  1/2  Wrap. 

c.  notch,  .a^er  two  wraps. 

d.  notch,  a^er  one  wrap. 

64.  (22  3)*  As  a  general  tnile,  the  length  of  the  shiner  that  provides  the  proper 
number  of  wraps  for  a  wire  wrap  terminations  is 

a.     1  l/^;.tp_lJ/2  inches.  c.     1  3/4  to  2  inches; 

)  '    b.     2  to  2^/4Tnches.  d.     3/4  to  1  iiich. 


65.     (224)    WMch.  power  cables  are  terminated  at  the  fuse  panel  of  the  power  board? 


a.  All  of  the  power  cables.: 

b.  Those  terminated  at  bus  bars . 

c.  Those  terminated  in  equipment. bays .. . 

d.  All  power  cables  one  inch  or  larger  in  siz^'V 


66;     (225)    There  are  how  many  types  of  C-E  plant-in-place  records?  ;" 

a.  Three.  c  Five. 

b.  Four.  d.  Six: 

67.  (225)    Which  of  the  following  parts  of  the  inistallatibn  records  are  listed 
separately  becaiise  of  their  importance?  j  ^ 

a.'  Catalog. documents.  c.     interim  records, 

b:     Base  C'E  records:  .  d:     C-E  schemes. 

68.  *  (225)     On  plaht~in-place  drawings,  the  Color  yellow  is  used  to  identify 

y  •  _ 

a.  an  interim  change  pending  an  engineering  change  order.  • 

b.  deleted  equipment  or  notes. 

c.  notes  to  the  engineer  or  draftsman; 
y                d.  the  addition  of  equipment. 

1  69.  (2i?6)  Whatcould  be  the  effect  if'_an  ex^tTy  on  AFTO  Form  229.^der  SER  ORD - 
\  ASGD  ^8  omitted?^   ^  A     -  --^ 

j  a;     The  work  order  AF  Foi:m  1075  could  never  be  completed, 

b.     Two  telephones  could  be  connected  to  the  same  line. 
*  c Any  repair  . work  needed  on  the  subset  cannot  be  accomplished  because  the 

telephone  does  not  exist ^        ■_  _ 

d.  The  maintencince  man  would  never  know  about  the  omission. 


70.  (_226)     There,  is^^an  AlA  recorded  in  the  class  of  service  block  on^F  Forro  1075. 
This  means  the  telephone  service  is 

a.  unrestricted.  ^ 

b.  special  number. 

c.  ,  unrestricted  paid  for  by  subscriber. 

d.  restricted  for  official  on  base  calls.- 

71.  (22.7)"   Refer  to  Figure  5-1  of ::the_text^.     The  AF  Form  107  5  lists  a  telephone 

^to  be  installed  as  an  AlA  class  of  se^rvice.  What  choice  of  line  number  is  there 
in  the  3100  group? 

a.  do .  c:  11: 

b.  05.  *  d.  20. 

72.  (227)__If  a.  technician  is  to  assign  data  to  a  telephone  service  order,  he 
will  find  the  necessary  distribution  information  on  the 

—  -  :  ^ 

a.  AFTO  Form  Cable  Record. 

b.  AFTO  Form  23.3^  Cable  Transfer  ^Worksheet ^ 

c.  AFTO  Form  229,  Telephone  Number  Assignment. 

d.  AF  Form  1075 ^  Communications  Service  Order.  ' 

73.  (22 8 J    When  transferring  telephones  from  fepe  area  to  another,  the  form  involved 

ii 

a.  AFTO  Form  121.  -     ^'     AFTO  Form  233. 

b.  AFTO  Form  229.    d.     AFTO  Form  376: 

74.  "  (228)     Information  on  circuits  and  equipment  needed  for  filling  out  an  AFTO 

Form  23  3  can  be  obtained  from 

a.  ktT^TO  Form  121  and  22U  series.  c.     AFTO  Form  376  and  226  series. 

b.  AFTO  Form  226  and  22U  series.  d.     AFTO  Form  121  and  376  series. 


75.  (229)    When  a  trouble  bn"^a^"iarrte  occurs,  the  troub>e-4^ifonnation  is  recorded  on 

a.  AFTO  Form  22t|  series.:'  c.^  AFTO  Tovk  229  series., 
b*     AFTO  Form  226  serines ;             ^        -  d.^   AFTQJ^^rni  376  series. 

76.  (255J    Ali  except  .two  items  of  information  needed  to  fill  out  an  AFTO  Form  121 
can  be  extracted  from  AF  Form  1075.     Thes^i^  items  are  the 

a:  date  installed  and  telephone  riumbe  -  -  ij^ 

b.  loop  resistance  and  ifee  relay  nuraberi      •  .'^'^'^ 

c.  type  of  service  and  iristruihent  irifortnatibri .' 
c3.  installation  authority  and  telephone  number. 


77.  (230)     What  is  the  reverse  side  of  the  line  record  form  used  for? 

a.     sS^ond.party  information,  c.     Troubles  reportecisinfonnation . 

b:     Miscellanebus  inf brmatidn .  d.     Type  of  instrument  in fbrmatibn . 

78.  (231)     Pilot  cells  are  read  ajfid  recorded  ^ 

a.  hourly.  «  •■ '  c.  weekly: 

b.  daily.  — d.  monthly. 

79.  (232)     Which  of  the  supervisory  lamps  listed  below  is  not  found  on  the  keyshelf 
of  the  AN/FTA  13  PBX  switchboard?  : 

a.     Magneto- -  c.     Answer  cord. 

/     b.     Call  cord,  d.     Common  battery. 

80.  (232)    The  ^switchboard  operator  of  a  man*fal  system  monitors  con^^ersations  by 
operating  the  \  ^ 

.       ____   ^_    _  _   

a.  talk  WWr  for _a  given  cord  and  operating  the  push-tp-talk  switch. 

b.  monitor  key  fbr  a  given  cord  and  bperating  the  push-to-talk,  switch. 

c.  monitor*  key  for  a  given  cord  and  not  operating  the  push-to-talk  key  on  the 
handset. 

d.  talk  key  for  a  given  cord  and  not  operating  the  push-to-talk  key  on  the 
handset.  *  ^ 

(232)    What  is  the  range  of  the  voltage  of  thq.  ringing  current  produced  by  the 
power  supply  for  the  AN/FTA  13  manual  telephone  system? 

a.  75  to  90 .  '  "c.     75  to  95 . 

b.  80  to  90".  d.r  80  to  95.  r> 
82.     (233)     Refer  to  foldout  1.     What  causes  relay  RR  in  foldout  2  to  operate? 

a.  Ground  through  contacts  IB  and  2B  of  tht^-<ring  key. 

b.  Ground  through  contacts  UD  anji  5D  of  the  talk  key. 

c.  Ground  through. contacts  6D_and_7D  of  the  talk  key . 

d.  Ground  on  the  LL  lead  tb  the  MA  relay.  m^; 


83.     (233)     Refer  tb  fbldbut  1,     The  ground  potential  through  contacts  UD  and  5D  of 
the  talk  key  in  the  operator Vs  telephone  unit 

a.  holds  relay  RR  in  foldout  2  operated  during  outgoing  calls. 

b.  holds  relay  RU  in  foldout  2  operated : during  outgoing  calls. 

c.  shunts  relay  RR  in  foldout  2  during  incoming  calls. 

d.  shunts  relay  RU  in  foldout  2  during  incoming  calls. 


27  i) 
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(233)  Refer  to  /oidout  3.  -^What  causes  the  INC  'laiiip 
light?  -         ■       ^  '  V 

a.  "The  operator  ^loses  the  line  loop.      : *^  ■ 

b.  The  subscriber,  closes  the  line.  loop.  ;^ 

c.  Battery  froD  the  night  alarrr.  circuit;' 

d.  Ground  on  t^ie  sleeve  of  the  line  nac^;.  i 

85.  (23  3)  _  Refer  to  foldout        .'  When  the  call  cord;  supervisoi^^^^arnp 
cirrcuit  lights,  a  * 

^  a.  niagtietb  line  isubscriber  *s  phone  is  on -hook, 

b  .  TT.agneto.  aine  subscriber  *s  phone  is.'bff-hook . 

c.  coTTUTion  battery  line  subscriber's  phone  is  on-hook-w- 

G.  coTiynon  battejp^  line  ^subscriber  *s  phone  is  off -hook*. 

86.  (23U)    -testing  a  circuit  for  cqntinuity  is  a  part  of  which  tf5?oubl^sfe«?b ting  step? 


a.  Test._ 

b .  Analyze . 


c.  Clear  the  fault. 

d.  Point-by-point  eliminatidri . 


87.     (234)    Which  tro^^eshooting  step  is  being  accomplished^ when  vou  perform  an 
operational  eqid pmertt  check?  -  ' 


Test  .J 
Analyze . 


c.  Clear  the  fault. 

d.  Hoint-by-point  elimination. 


86.     (23'S)     Refer  to  foldout  6.  _  What,  is  the  trouble  ;if  a  PBX  magneto  line  circuit 
RU  relay  fails  to  operate  when  the  subscribe!^  operates  the  hand  generator 
of  his  teleuhone? 

  _  _  *~ 

a.\    Contacts  ^2  3  and, 2U  of  the '  RU  relay  are-  shorted, 
bj    Contacts  1  and  ^  of  the  RU  relay  are. shorted. 
The  a-c  winding  of  the  RU  relay  is  open. 
The  b-d  winding  of  the  RU  relay  is  open. 

89.     (2  36),    Refer  to  figure  6-U  of  the  text.     'That  type  of  meter  is  mounted  on  ^be 
face  -equipment  of  the'"AN/rTA  13  test  panel? 


a.  Apneter. 

b.  Olffiimeter. 


c»  Voltmeter, 
d.  Multimeter. 


J 


90. 


(235)  Refer  to  f oidQUt_7 . . _ What  is  the  test  indication^  if  a. meter  reading 
i^  obtained  on  the  AN/FTA  13  test  panel  with  the  selector  switch  on  step  5? 


a.  9^  "t^f  T^^S' 

b.  :=round  on  thje  tip. 


c.  Battery  dti  the  ring. 

d.  Battery  on  the  tip. 


91."    (237)    What  is  the  output  DC  voltage  of  the  AH/FTA  13  system's  power  supply? 


a . 

b. 


18  volts. 
24  volts; 


c.  36  volts . 

d.  .;  48  volts. 


(237)  What  potential  is  on  the  fuse  bar  that  ^uns  between  the  fuse  mounting 
studs  in  the  AN/FTA  13  manual  system? 


a.  Resistant  battel^. 

b.  Jiesistance  ground. 


c.  Battery. 

d .  Groun  d . 


\ 


13 
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93.     (239)     ii'hich  of  the  following  statements  best  describes  the  contents,  of  the 

^F^corvnended  schedule  for  accomplishinent  of  routines      page  in  a  wor'kcard-t^/ce 
tech  order?  ^ 

■  ^   -   .  :         .  -  . 

a.  Routine  nuniber,  type  of . operation  ,  maxiTnum  time  .  interval ; 

b.  '^ype  fa5  operation,  routine  titl^,  maximurri  time  interval. 

c.  Type.OLf  op^S^tion,  routine  title,  minimum  time  interval:  ^ 
.  d.     Routine  number,  type  "of  operation,  minimun  time  internal. 

94;     (238)    _The  general  information  section  in  a  workcard-^pe  TO  contains  the 
the  purpose  of  the  routine,  Jf 

■« 

a.  scope  of  responsibility.,  and  approximate  time  required  to  perform,  the.. PMI . 

b.  scope  of  responsibility,  and  test  equipment  required  to  perform  the  PMI. 

c.  scope  of  responsibility,  and  instructions  for  corrective  actions  when 
measurements  do  not  meet  tolerances.  '  ^ 

d.  approximate  time  required. to  perfonn  the  PMI,'  and  instructions  for  cprrective 
action  when  measurements  do  not  meet  tolerances.  ^  -y 


95.  (239)    A  service  routine  is  directly  related  to 

a.  equipment  lubrication.  c.    circuit  operation'. 

b.  proper  adjustment.  '  d.  .proper  alignment. 

96.  (2^9)    What  is  a  type  3  PMI  routine  called?  . 

a.  Service,  c.     Adjustrrient , 

b.  .Alignment.  d.  Performance. 

97.  (240)    The  li;^e  protector  assemblies  in  a  telep^ne  switching  center  are  attached 
to                  ■  ^ 

a.  verticals  of  the  IDF.  c.     hbrizdntalis  of  the  MDF . 

b.  verticals  of  the  MDF.  d.     horizontals  of  the  IDF. 

98.  (2^0)     The  heat  coil  operates  an  alarm  irrkrn«<jLliriLV«j    .f"'  *tH-c  l^'noa^^r-cia^  i"^  at  lA6aii"C 

a.  350  milliamp'eres.  c.     450  milliampereS^ 

b.  UOO  milliamperes .  '     d.     SOD  milliamperes  .A 

99.  (241)    Vertical  and  horizontal  equipment  terminations  are  made  on  whica  side 
of  the  distributing  frame  terminal  boards? 

a.  Top  and  left^  ,  c.     Bottom  and  left.     '   '  ^  ^ 

b.  Top  and  i^^rght.    .        >  d.     Sottom  and  right. 

          ._   .  _  . '    

.00.     (241)     Con4uc^JJ^5rs  of  the  cables  from  the  line  finders  terminate  at  the  . 

a.  upper  terminals  of. the  horizontal  terminal  boards. 

b.  ^  tisminais  at  l^h^  right  of  the  vertical  tetitiinal  boards. 

c.  terminals  at  the  left  of  the  vertical  terminal  boards. 

d.  lower  terminals  of  the  horizontal  terminal  boards. 
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Preface 

TELEPHONE  switching  eqiupiient  (oshtraL  o^^)  may  at  first  seem  somewhat  com- 
plicated, However,  the  fundaxnental  operatibns'^)crforiri^  are  pk>$sible  because  the 
major  circuits,  which  are  common  to  all  telcpjidhe  switching  center  cquipmcntjn- 
iRdll^biis,  are  nothing  more  than  lihiqUe  <x»mbi^atibns  of  sin^a^  simple  circuits.  T^e 
vopnlkvtidns  i^tilting  from  the  linking  together  of  these  qrcuits  are  obtained  because  of 
tiie  chain  ructions  Jxwd^  on  the  aceurau  d^gn  of  the  eqiiipfiicnt  and  each  separate 
circuit.  With  to  properly  instiled  cquipmcn^t  adj^^     carcfiiliy  to  the  proper 
^clearances,  tolerances,  and  cun-entjalucs.^the^d  result  is  prompt^  connexion  be- 
^tween  the  caiiing:and  the  called  telephone,  whenever  such  connection  is  avaiiabie. 
To  Understand  "how  each  type  of  equipment  and  i^  associated  circuits  can  make 
rapid  telephone  (^nhectiohs  accurately,  you  must  study  each  type  of  tcl(^hone  equips 
meiA  separately.  In  Volume  2  you  were  given  general  information  about  the  pnncipl(K 
artd  thebiy  of  tclcpljbhe  switchihgL  equipment.  In  this  volume,  bur  discussion  will  be 
limiti^  to  the  application  of  that  rundartiental  ihfbnhatibn  when  stq^b^-step  equip- 
ment is  used  to  perform  the  fcquired'switching  fUhqtibhs.  XY  telephone  equipment 
system  will  be  disc^s«l  in  a  similar  manner  in  Voiume  4  pf-this  course. 
^  There  jrc  lG  §&iematic^foidouts  included  with  this  voliOne.  These  foidouts  are 

printed  and  bound  as  a  separate  inclosure.  Code  numbei3  appraring  on  figures  and^ 
foidouts  are  for  use  by  preparing  agency  only.  If  you  have  questions  on  the  accuracy  o^ 
currcnc/of  the  subjTOLinatter  of 'this  tcit,j)r  i^xx>nime:ndations  for  its  innprovement, 
send  them  to  SAAS/TTOXU,  Shcppard  AFB  fx  7631  K  NOTE:  Do  not  use  the  sug- 
gcstibh  program  tb  submit  cbrrcctiohs  for  typographical  or  other  errors. 

If  ybij  have  questions  on  courec  ehrpllmcrit  br  adnnhjstratibn,  or  on  any  of  Eds 
instfuctidnal  aids  (Your  Key  tb  Career  Dcvelbpmeht,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  cbnsult  yoUf  education  bfficcr, 
training  officer^  or  NCO,  as  appropriate.  If  he  ran 't  answer  your  quations,  send  them 
to  ECI,  Gunter  AFS  AL  36  M  8,  preferably  on  ECI  Form  17,  Student  Requ«t  for 
Assistance. 

TTiis' volume  is  valued  at  36  hours  (12  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  cuttlBftb  of  Dec- 
ember 1978.  '"^jRV 
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CHAPTER  1 


-1^ 


^QX^*  ^'^j'^'^r  ^^  iiiatter  is  dirve^^^^      b^a  series  of  Learning  Ob}ectives.  Each  of 

thcse'^  wr^lfs  a^3^ligit  nomli^  anil J|^:in  to^  type;  Eieli^ti  a  iearnlifg  joal  for  you.  The  text 
iKat  fpilQi^  tbe  ot^ective  Styes  ^t^ihf^^^i^fan^  you  need  to^each  that  goal.  The  exercises 
followiiig^  tie  infoHutibii  |iV^^6if  a;check  on  ypiir  achie^j^ifrit.  When  yoii  cbmpleie  them,  see  if 
yoar  answers  maidi  those  in  me  back  of  this  volnnie.  If  yoiit  respcMos^  to  ah  exercise  is  ihcbrrecl, 
review  the  objective  and  its  text.  :       :  j 


Lihefihcler  Equipmeht 


IN  VOLUME  2  we.  i^^ussed  a  manual  idcphone 
S3^tem  and  Its  siniiJafiyo|'tq  autp^^ 
systems.  In  this  volume  and  the  next,  we  discuss  the 
Strowger  and  XY  automatic  telephone  systems. 

Yqu  '^lay ^  remember  •  that  a  no rnii|  swi tch  trai  n 
consists  ctf  %J|pefmder,  seiector(s),  and  conneaor. 
Since  the  b^pRing  is  normally  the  best  place  to  start 
and  that  is^ere  the  linefinder  is,  this  chapter  deals 
with  theJii^Hlnder. 

Lihefihders  are  Iwo-motidh  stepping  switches 
which  step  aatqihatically  in  response  to  a  ^demand  for 
service.  A  demand  for  service  is  cr^tod  when  a 
subscriber  goes  off  hook  to  operate  a  ■  *  relay.  Unlike  > 
the  other  two-motion  stepping  swit.  .  (selectors  arid 
obnhectors),  lincfmders  are  not  operated  -by  rdial 
pulses.  Instead  they  are  operated  and  their  steppinE  is 
controlled  by  a  group  of  relays  whi^h,  in  _prfeper 
s<^uence,  automaticaiiy  close  the  circuits  that  provide 
partjojlar  lirienhder  a^^^^  arid  v^litch  automatically 
open  the  same  circdits  when  the  associated  linefinder 
actions  are  complet«j.  These  same  group  reis^  test 

next  IJhefinder,  which  i  f6  the  bPlcs  of 

the  distributor,  to  determine  whether  it  is  idle  or  in 
use.  When  irpuble  occurs,  the  group  relays  also 
P^^/er  an  calls  to  the  partner  group  re  la 

Each  iinefmder  is  wired  directly  to  one  particular 
first  s^lecton  which  returns  dial  tone  to  the  calling 
f  yb^rl^T-  sel^^tpr  also  forwards  calls  through 
the  central  office:  "fhe  linefinder  begins  every  phone 
call.  It  is  unique  in  that  (1 )  it  is  fully  automatic,  and  (2)  - 
it  is  not  really  as  cqm^licaje^^  the  schematic  drawing^ 
(see  FO  i  in  the  separate  inclosure)  makes  it  appear:  In 
this  chapter  we  will  review  the  basics  of  linefmding. 

Linefinder  Description  .r^'^ 

T^e  primary  purpose  of  the  linefinder  is  to  provide"^ 
each  cal  1  i ng  party  that  i s  cb n hected  to  its  I i ne  banks 
access  to  a  trunk  (interoffice)  line  for  a  selector  switch. 
In  the  case  of  a  small  central  offic^  it  provides  access 
to  a  a>nnector  switch. 

4(10.  Using  figure  1-1  and  foidout  1  as  necessary, 


specif  the  purpose  iftnd  use  of  Strowger  linefinder 
<»^ipmeht  by  identifying  lineflnlter  switch  type  and 
distributor  pm'pose,  liow  the  linefinder  connects  to 
the  next  switch  train  switclut^e  number  of  windings 
the  coinbinc^  line  and  clitoff  relay  has  ^id  has Joined 
to  its  operating  circuit*  the  number^ o(  distributors 
usfed  wiih.  each  linefinder  group  In  a  ^fected  shelf, 
what  ihakes  I  how  iwq 

,  group's  iinefinders  are  wired  so  efficient  preferential 
huntiiig  is  achieved.  I 

A  linefinder  shelf  is  normally  equipp«i  to  service 
200  lines  at  10  pcrccntjrunkitJg.  This  means  that  there 
are  normally  20  linefinder  switches  per^^helf,  The 
linefinder 'sheiv«  are  divided  into  two  groups  (A  and 
B).  A  typical  shelf  has  200  line-ctitoff  rela>^,  two. 
di^i^utor  switcheiv^twb  grdijp  relays,  and  a  fuse. 

We  have  said  that  the  action  of  a  linefinder  is  not 
^"ypJI^  by  the  telephone  Instead,  when 

the  calling  party  lifts  the  handset  from  the  cradle,  he 
places  the  battery  on  the  -linerinder  control  £ank 
^"^?_3ss^  telephone.  Other 

units  on  the  shelftthen  raise  the  linefinder  and  rotate  its 
wipers  automatically  until  they  reach  that  marked 
cqatactri^'Undcr  cbri  trql  of  the  group  relays -arid  the 
distributor,  the  linefinder  extends  the  loop  of  the 
call?kig  telephone  to  tlxg^  associated  selector  or 
connector.  The  distributq  a  liriefirider  for 

an  originated  call:  The  line  relay  of  the  calling  line 
marks  pife  dfthe  liriefinder's  control  bank  contacts 
with  negative  batteiy  to  indicat<?  which  Jirie  is 
originating  the  call,  and  marks  one  of  the  Iinefin3er's 
vertical  bank  cdritacts  with  ground,  to  indicate  the 
bank  level  of  the  line  appe5^ce.  7^  ^oup  relays 
control  the  vertical  and  rotary  stepping  until  the 
linefinder  wipers  firid  the  marked  contact, 

The  linefinder  performs  the  following  fiinctions: 

a.  It  steps  its  wipers  up  to  the  level  markad  on  the 
vertical  bank.  .  , 

b>  it  rotates  its  wipers  onto  the  bank  contacts  of  the 
calling  line. 


c.  it  connect  its  associated  selector  to  the  calling 
line  loop.  :    _ . 

4  it  operates  the  two-step  combiru^d  line  and 
cutoff  relay  of  the  calling  li&  and  rcmpves  the  line 
relay  winding  from  the  loopKand  it:also;^^  the 
girdurid  on       CN  lead  to  tho  connector; 

e  It  makes  the  calling  line  busy  at  its  multiple 
connector  bank  cbritact. 

it  causes  the  distributer  to  assigri  an  idle  linC'^ 
finder  for  the  next  call.  -vV^ 

g.  It  releases  when  the  call  is  erid^ljv,;,'^: 

The  following  equipment,,  arong*with  the 
lincfindcr,  makes  up  aMihefmder  shelf:  lirte  and  cuto^^^ 
jrelay»  distributdrs,  group  relays,  and  lincfinder  control 
relays.  _     _  _         _  >> 

Line  and  CiilofT  Relay.  One  combined  line  and 
'  cutoff  relay,  figure  1- 1,  (usually  called  the  line  relay)  is 
provided  on  the  linefinder.  shelf  for  each  telephdhc 
line  to  be  served.  The  manjifacjurcr  freq^^ 
to  this  relay  as  line  equipment,  because  ia  earlier 
times,  two  Or  three  relays  wetc  required  to  perform  the 
functions  how  handled  by  dnc  rcjay^  In  a  ccritral 
office,  line  relays  are  usually  assembled  on  mounting 
bases  in  groups  of  20  or  40. 

As  lis  full  name  implies,  the  line  and  cutoff  relay 
has  twb;  functions:  (1 )  line  relay  and  (2)  cutoff  relay. 

l^ne  retay-  In  .its  first-step  operation,  the  line  and? 
cutoff  relay  functions  as  a  line  relay  when  the  handset 
of  the  related  line  is  removed  from  its  cradle.  At  this 
time,  the  three  windings  of  the  relay  are  in  series  and 


FROM  CONN    BANKS  TO  VERTICAL  CONTROL  BANK 

Figure  1  - 1 .  Line  and  cutoff  relay. 


are  bridged  across  the  tclepihone  line.  The  current 
through  the  windings  develops  a  magnetjc  field  strq^^^ 
enough  to  close  the  relay's  m^e  (X)  contacts,  but  n*;^! 
strong  enough  to  open  the  break  contacts.  Clo!*ilglhe^ 
make  (X)  contacts  places  ground  at  a  spe 
the  vertical  bank  and  connects  negative  battery  10-3- 
9ontrol  bank  cohtact  on  that  same  level.  This  t^Sf^* 

closes  a  loop  circuit  to  the  group  relaj^^ 
p-bUp  relays  then  complete  the  circuit,  which  starts  the 
linefinder  Marching  for  the  marked,  line.  > 

Cutoff  relay.  In  its>ecdrid-step  dp^^  '^^^^J'^^^y 
has  a  cutoff  function:  li  frees  its  windings  from  the 
i<  v)p  and  reJeases  the  group  relays  and  distributor  after 
?>e  mefinder  complete  a  connection  through  to  the 
:»t  iecidr.  In  its  second-step  operation,  only  the  6Q0- 
ohm  winding  is  connected  across  the  central  office 
battery.  Thus  the  current  increases,  J^^^^^ 
operates  fully  to  open  its  three  pairs  of  break  contacts. 

The  cutoff  function  also  occurs  on^incorajfig  calls 
when  a  connector  seizes  the  line.  This  oSnnectdr 
seizure  remdv^the  bri^g^  Une  relay  coils  from  the 
line  and  prevenis  a  linefmdei^om  alrting  to  search 
following  removal  of  the  receivj^^^en  answering  a  ... 

calU  3     _    ' 

'  DistrilmU>r.  Youiiave  sedfe^^fc^  iinefinders  on 
the  shefNte  divided  into  two  arid  that  each 
grdup  is  tyic^l  coritrdl  of  the  disti'ibucor.  This  25- 
point  rotary  stepping  switch  connects  the  group  relays 
to  anp  one  df.t^C;  lipfi^gcrs  of  its  group.  This 
distributdr  jilsd  discon^^^Sont  the  linefinder  just  as 
soon  as  it  has  seized  thiTSllnng-iine.  The  distributor 
also  assigns  for  the  next  lirie/to  follow:   

Group  RelSys.  Eac 
to  a  set  of  ^oup  relays.  Th«c  group  re laj^ltrc  not  to 
be  confused  with  the  liriefirid^sr  swftch^^^  reja>^j 
Tl*^  ^^L^ys  stSrt  the^nefmder  assi^ed  for  the  call  to 
operating  aod  provide  ipuij^ng  circuit  for  operating 
the  vertical  magnet!  These  group"  relays  stdp^the 
vertical  stepping -of  the  linefinder  when  its  veracal 
wiper  engages  the  marJked  vertical  bank  contact  of  the . 
level  dh  which  the  calling  line  is  Ideated.  TTle^^ 
also  operate  a  pulsing^circuit  for  the  rotary  tiAagnct  of 
the  linefinder:  and  rclcSsc  the  distfibutqr  from  the 
Ithefi^er  when  4he  callirig^  ll^c  [s  seizcid.  They  a^^ 
traitsfar  the  ^11  to  the  partner  group  of  Iinefinders  if 
the  as&i^ed linefinder  fails  to  find  the  calling  line  or  if 
all  the  Iinefinders  in  the  first  grdup  are  biisy- 

The  group  relays  of  the  2G0-point  linefinder, 
shown^n  foldout  1,  are  listed  below:  / 

-  Pulsing 

""BS  -  timing__ 

C3  -  Group  Flelay  Start  

D3  -  Transfer  (vertical  to  rotary  stepping) 

^  E3  -  Trouble  Transfer  Primary 

F3  -  Secondary 

G3  -  Release 

H3  -  Trouble  Transfer  Secondary 

J3  -  Primary  Cut-Through  Lower  Bank 

K3  -  Primary  Cut-Through  Upper  Bank 
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Each  hnefinder 


Normal  Transfer 
Cbntrbl  , 
iet  ContrDl  Relays. 
iQ|  these  three  ielays: 
.  ;;4'incfihdcr  Start 
^  Ciit-throogh  VppCT  &ank 
D -  CuL-throi^  Lower  Baiilt 
Preffcreniiyil  lliiiiitipg.  If  a  linefinder  were  regu[red 
to  w&itch  foi^callirig  Hn»  on  all  JO  levels  of  its  banks, 
lines  that  appear  in  tHe Jower  levels  would  probably  be 
the  first  to  get  that  Ijhifinder^To  prevehtthis,  a  system 
of  preferential  hunting  was  dcvgs^  > 

The  theory  of  preferejiiial  hunting  8  S  follows:  If  a 
•lihefinder  has  to  seiurch  for  lin^  in  its  Iqw^ 
only,  hunting  time  is^ reduced  considerably^ and  there 
is  little  danger  of  lih^  in  the  lower  bank  le\^is  stealing 
a  liificfihder  fi-prlf  lines  in  the  upj^r  five  IcvcU^^ 
Imefinders  on  the  shelf  are,  therefore,  divided  jntb  two. 
groups,  A  and_3,  each,  with  its  own  distributor  and 
group  rcla^.  The  linefinders  in  grqiy)  A' ha^  l^^^ 
connectKi  to  their  banks  in  the  r^lar  ntiSericai 
sequence  previously  described.  The  linefmders  in 
group  B  have  the  levels  reversed  from  top  to  bottom*^ 
Fo|  e^^mple,  if  in^Qp  A  a  line  appears  in  level' 3,  ii 
will  appcaj  in  level  8  of  group  B,  sis  figure  1-2 
iUustrates.  Uhdcr  normal  PP^a^'DS  P^*l4'^!oDA» 
therefore,  the  linefinders  of  both  groups  (A  and  B)  arc 
prevented  from  smirching  for  calling  lines  abbvc  thf 
fifth  level.  Eac^  g-oup  thiK  lin^;  but^in 

the  evejit  of  equipment  failure  or  if  tliere  is  too  ffiuch 
traffic  in  one  group,"^thc  cxtraj^raffic  is  transferred  to 
thepanner^roupv^*^  ^^^cjMutn^^^ 
search  in  all  10  levels:  tines  with  the  same  numbels 
at^mulUpled  throughout  -all  linefinders  of  both 
grpup^  ™^  cM'I^^^  line  33  wilLappcaf  on  Unc  banK 
^wntacts  numbered  33  in  both^poups  even  though 
their  physical jQC^ion  in  group  A  is  different  from, 
^thaf  in  group  B.  v  ' 


LINEFJNDER  BANKS  IN  MULtlPCFWITHiN  -  ^ 
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in  tclcphdhc  li^hjiiage,  th^  [15*^^^^*^*  ^^ 
each  group  are;imuitipied  straight,  and  between 
Hnefinder  groUp^  theibanks  arc  multipled  in  reverse. 

jhc  -F,  — ,  arid  CwijKrs  ofthc  linefindcr  are 
permanently  connected  to  the  connectors.  These  arc 
also  connc^^  to  a  selector  or  coBhoinbr,  Uiiis 
forrriingjHH^findcf-wlcadr  Imk  w  a  iinefinder- 
connectV^nk:  The  linefindcr,  groof)  relay,  and 
distributor  arcuits  of  group  A  arc  idcnpijial  to  those  of 
group  B.  ^ 

Exercises  (400): 

1.  What  type  of  switch  is  the  iincfindcj^  ^ 

1*    V  ; 

2.  How^is  the  lineftnder  connected  to  the  ncfi  switch 
in  the  switch  train?  ;  cv^ 


3.  What  causes  a  linefindcr  to  operate? 


4.  How  many  windings  does  the  combined  line  arri 
^  cutoff  relay  have,  and  how  many  are  connected  m 
its  operating  circuit?  t 


5.  What  is  the  purpose  of  the  distributor?" 


6.  When  does  the  distributor  step? 


1^ 


7.  How  many  Uisthbutore  are  gsed  witt\  each  group 
of  linefinders  in  #gi>ifti  sfielf^. 


8.  How  are  the  lihefiB^ci^  in  two  grougs  wirod  in 
order  that  pref^en^l  huntiirg  will  be 
accomplished  efficiently? 


MUITIPCE  eETWEEN  GROUPS  FOR  PREFERENmAt  HUNTING 
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GROI^A  GROUP  B  - 

Figure  1  tZ.  Linefindcr  bank  mukipling. 


1-2.  ^nefihder  Circuit  Operatidh  i  > 

The  linefir^ir  circuit  of  the  typical  step- by-step 
dial  central  office  is  cdmposcd  of  the  four  following 
groups  of  _«iuipmait:  (1  nine  relaj^^  (2)  Hnefinde^^ 
(3)  group  relays,  and  (4)  distributor  equipment. 

401.  JJjiiig  figure  1-1  ^nd  fdlddut  1  and  given  ali 
iinefimier  shelf  equipment  functions,  identify  as 


nccesory  each  piece  of  equipment  by  name^  list  the 
Strbw^r  distributor  bank  levelSv  and  compare  the 
distributor  and  tiie  rotary  line  switch. 

Although  the  line  relays  aixi  Jinefindcrs  are 
5^P?J1l^^  units,p.  they  operate  il(jrunisbn  and  are, 
therefore,  groo^  jogether  under  the  singl<Pienfl 
•Minefindcr"  equipment.  Because  the  group  rela^  and 
the  distributor  likewise  fim  together,  they  arc 
referred  to  as  ^*oap-di$tributor  equipment.  The 
linefihder  equipment  and  the  group-distributor 
^M>P*Pcnt  op^J'a^^^  «ach  other  Jn  seeking  out  a  ^ 
caitingj^ine  and  connecting  it  to  an  idle  trunk  leadit^ 
to  a  selector  or  to  a  conneaor.  The  cornbined  line  and 
cutoff  rcjay  (generally  shortened  to  line  relay),  shq^n 
in  figure  i^l  and  the  upper  bender  of  foldout  [,Tr" 
connected  to  one  telephone,  only.  iVs  wc^*have 
cxplamcd  prcvio^isly,  ca^  of  the  telephone  lines 
served  by  a  tinefinder  has^^its  own  ^ine  relay.  The 

♦operation  of  the  line  relSy*  of  any  tclcphon^  Hnci 
depends  upon  w^hi^  originates  or  terminates 

in  that  tine;  that  is,  whether  the  call  is  outgoing  of 
incoming.  A  number  of  linefindeR^irc  grouped  under 
thccontrol^of  a  single  distributor.  TT^c  group  relays  are 

/  12  relays  mounted  on  a  separate  base.  One  set  of  these 
group  relays  is  conhectnl  to  each  group  of  linefinders. 
/The  group  relays  control  the  operation  of  the - 

^  iinefmdcrs.  They  also  cause  the  distributor  to  operate:  I 
One  distributor  is  cbn^mdn  to  each  group  pfv 
liiicfiridcfs.^t  distributes  all  calls  whij:h  come  from  its 
individual  group  over  all  of  the  tihefmders  included  in 
the  grb  up .  The  d  istribu  tor  i  s  a  25  -  po  i  n  t  ,  hp  n  -  ho  m  i  qg-  , 
type  rotary  stepping  s^tch^h  has  a  bank^qf  five  levels,  ^ 
with  25  contacts  dn  each  level.  The  distributor  has  six 
pairs  of  doublfe-cndcd  wipcrs^--Qnc  set  for  each  of  the 
six  distributor  bank  reycls».The  levels  of  the  distributor 
bank^ai^ei^marked  as  follows: 
LE\^vl3uard  •  . 


Finder  S^art 


LEV  e.  Vertical  Stepping 
Lgy  P,  Test  1  for  Vertical  Level 
LEV-E,  Lower  Bank  Cut-Through 
LEV     Upper  Bank  Gut-Through 

^      '    *         -         .  .. 

The  varioift  Jevds  of  jbe  distribiitor  switch  ar<^ 
iLiydsjm^  schematically  in  tfic  center  of  foldout  j. 
Thc^i^ibutor  wipers  arc  sl^wh  in  contact  with  only 
one.^1^  25  sets  of  temk  contacts  of  the  6-lewl 
distnoutoi*  switch.  The  wipers  may  be  stepped  to_any 
of  the  24  other  posi  tions  dh  the  distributor  bank.  Each 
position  controls  a  single  lincfinder.  The  25'point 
rotary  stepping  swi^,  used  here  as  a  distributor,  may 
J*  uk^d  as  a^^^^  except  that,  the 

rotary  line  switch  has  ^ly  tfifce  bank  levels  and  three 
doublc-cndai  wij^rs^ljs^  ^  ^ 

The  200-pbiht  lihcfihd'i^F  1 
is  a  two-motion  stepping  switch. 
_  The  vertical  bank  is  shown  as  a  row  of  1 1  contacts. 
Ten  of  the  contacts  serve  the  ten  bank  levels,  and  the 


eleventh  is  the  dead  cdntac^^^OS'i^ich  the  vertical 
wiper  rests  when  in  the  unopenHa  position: 

The  cdmbiried  line  arid  cutoff  relay  in  operating  Its 
^  Jfirs^-step)'  comacts  electricaHy  mark^^  the  vertical 
bank  contact  of  the  level  in  which  a  catting  line  is 
located.  The  vertical  bank  arid  vertical  wiper  permit 
the^lincfinder  td^stcj)  its  -f  ^  — ,  an d  C  wij>ers,  all  at  the 
/%ame  dme,  to  the  proper  bank  level  of  a  calling  line 
without  having  to  test  the  individual  contacts  of  the 
other  line  bank  levels. 

Exercises  (401): 

i.  Identify  the  25-poi'nt  non-homing- type  rotary 
stepping  switch.  ^  ^ 


List  the  Strowger  distributer  bank  levels. 


3.  Corripare  the  distr   <    r  and  the  rotary  line 
switch. 


4.  Identify  the  Strowger  equipment  which  connects 
t^c  ^^jJiDS  telephone  the  first  central  office 
equipment  unit.       y  * 


5.  Name  the  Strowger  equipment  which  connects  the 
calling  telephone  to  an  idle  elector  triink. 


6.  Name  the  Strowger  ecjuipment  that^  controls  xl 
^    group  of  linefinders.  ■  ^ 


I  Although  thei  operatioA  of  the  tiS&finder  is.  simple, 
\fc  schematic  dta^^  appears  somewhat  complicated 
ecaiisc  of  thc^.^tim  Jnyol^wl.  In  the 

following  paragtiiphs^  We  shall  discuss  in  detail  each  of 
the  siriiple,  direct-current  circuits  shown  on  the 
schematic  of  foldout xi  in  the  order  J  which  they 
operate.  The  individual  relays  are  shown  in  their  ~ 
*ndirmai  (uriopcr^ed)  cbridition,  except  relay  N3, 
which  is  normally  op^fSttcd^  -  When  trac|n^ 
linefinder  circuitSfS^u  must  visualize  the  tondition  of 
each  relay  at  ariy  given  instant  during  the  sequence, 

We  are  going  to  look  at  the  following  stepis  in  the 
linefinder  circuit  operation:  seizure  and  vertical 
stepping,  rotary  stepping  and  cut-through,  and  release. 
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402.  Using  fbldoiit  I's  schematic  diagram,  identify 
Ibe* actions  that  occur  in  the  linen nder  equipment 
during  seizure  and  vertical  stepping  and  state  the 
effects  these  actions  have  oh  associated  equipment. 


Seizure  and  Vertical  Stepping.  When  a  linefinder 
shelf  is  instajled,  connected,  and  ready  for  operation, 
the  c  i  rcU  i  t  th  rd  Ugh ,  re  lay  N  3  is  _co  mpleie .  The  ref 3rc^ 
relay  N3  pcmains  operated  constantly,  except  during 
periods  of  very_hcavy  traffic. 

IQat  this  tiuBtybU  do  not  have  fdldbut  I  qpen^^  yp 
in.^nt  of  yoarSic  fdllowing  discussion  won't  mean 
.   riitcli.  The  circuit  which  holds  N3  operated,  before  the 
oj>cratidri  Of  a  liricfindcf  in  its  gf  oUp,  liiiiiy  be  tracod  on 
foldout  i  as  follows: 

.  From  battery,  trace  through  the  N3  relay  jyindings, 
through  cdplBicts  of  relay  E3  and  the  group  busying 
switch  (SW-7)  of  the  group  rei^,  contacts  of  the 
yONi  switch  (SW-I),  the  linefinder  busying  switch 
{S)|V-6),  .ind  through  the  B  fela^io  ground. 
;"^%incc  lie  ATB  GND  lead  is  multipled  with  the 
VON  switches  (SW- 1 )  of  al)  the  lincfindcrS  in  a  group, 
when  one  or  more  linefindcfs  in  a  group  are  idle  (its 
VON  switch  is  not  operated),  relay  N3  remains 
operated. 

Retay  L_  N3j  When  a  calling 

pany  removes  the  handset  from  the  cradle,  he 
cbihpleti^  a  circuit  through  the  windings  of  relay  L. 
Again*  the  magnetic  ficjd  developed  by  the  current 
through  these  three  windings  Ls  only  strong  enough  to 
close  the  X  contac^  of  relay  L  (contacts  1,  2,  3,  ahd^ 
4).  Trace  this  path  and  all  others'^on  the  foldout  as  w^ 
progress.. 

^    (1 )  "X'*  contacts  1  and  2  close  the  path  that  places 
600  ohm  negative^ battery  on  the  control  bank  conuct  . 
to  slop  rotary  stepping^of  the«tejfefnider. 

(2 )  _**X "  cdh tacts  3  and  4  tfosc  the  o pcrati hg  path , 
through  a  Icvei  marking  |«|fistor,  for  relay  C3. 

'  Relay  (^^^[Opcratcd:  Relay  N3  and  X  conucts  ofy 
relay  L).  /p^  ,  / 

(1 )  Contacts  1  and  2  cldte  a  circuit  through  the  LF 
start  4^ignal  lamp,  but  the  lamp  will  not  light  unless 
relay  C3  rcmairis  operated  for  bctwi*Ri9.5  to  19.5 
seconds:  »  "  . 

„  _  (2)  Contacts  3  and  4  close  the  operating  path  for  the 
f_3^r^Lay.  The  path  for  reIa5^  P3  starts  \yUh  jground  at 
contacts  4  ahd  5  of  relay  F3:anfJ-goes  to  battery 
through  the  windings  of  the  mptor  magnets.  The  motor 
magnets  will  ijot  operate  in  scries  with  the  P3  relay. 

Retay  P3.  (Operated:  Relays  N3,  c3  and  X  contacts 
of  relay  L).     

(1 )  Contacts  4T  a^d  5X  close  the  ojDe  path  pf 
the  B  relay  in  the  linefinder,  through  level  B  of  the 
distributpr.  _  i 

(2)  Contacts  48  and  58  close  the  operating  path 
for  relay  B3: 

NOTE:  Relay  B  of  the  linefinderv^d  relay  83  of 
the  gf  oiip  relajTs^ojyjrate  immedU^^^  ^ftj^^P^^  Each 
relay  starts  a  separate  series  of  relay  operations,  but 
both  relays  operate  at  the  same  time.  Relay  8  surts 


relay  action  for  vertical  arid  rotary  stepping  of  the 
lincfmder,  arid  reiay  B3  starts  a  timing  circuit  which 
causes  the  call  tp  be  transferrjed  to  the  partner  group  of 
linefinders  if  the  liriefinder  fails  to  function  properly. 
It  is  important  to  rememtjer  that  the  two  operations 
take  place  at  the  same  thne. 

(3)  Relay  ^P3  partially  completes  a  circuit 
grdiind  from  its  own  winding  through  corjtgcts  7T 
6T  to  contact  6  of  relay  F3. 
_  (4J  Relay  P3  provides  an  add itib.rfsJl  circuit  to 
grocind  foi  the  winding  of  relay  N3  through  contacts 
20  arid  38  of  relay  P3.  This  circuit  is  require^  orily 
when  a  Hriefindcr  is  the  last  in  its  group  to  operate.  In 
this  event,  when  relay  8  of  the  linefinder  operates,  it 
reriibvcs  the  drily  reriiairiing  circuit  to  gfburid  from  the 
winding  of  N3  through  the  ATB  GND  lead:  This 
additional  ground  holds  relay  N3  operated  until  the 
call  is  cbriipleted,  after  which  relay  N3  is  rcstbrcd, 

(5)  Relay  P3  partially  completes  the  circuit  which 
stops  vertical  motion  when'  the  vertical  bank  wiper 
reaches  the  marked  vertical  bank  cont^ict.  This^^^^ 

is  cs5mpleied  wKen  the  vertical  wiper  seizes  the  marked 
verticaLcohtact  . 

(6)  Relay  P3  partially  completes  the  circuit  for  the 
VERT  MOT. 

R£la}^  B3.  (OpcTatcd:  Rcljis^  N3,  C3,  and  P3,  and 
the  X  contacts  bf  relay  L.lT^e^^ 
paragraphs  dKcribes  the  sc^jlpfltbf  the  group  relays  and 
linefinder  relays  in  cxtcndii^fipie  loop  to  the  selector, 
Iriiriiediately  rollb>NariJ  the  operation  b^^  a 
seqacncejffir«lay  operations,  beginning  with  relay  83, 
•  is  starte^p; 

This  ^Uerice  bf  relay  actmrts  jcrves  as  a  timing 
device  which  "comrols  the  operating  time  of^  the 
linefinder.  Relay  83  closes  the  operating  circuit  of 
relay  H3. 

Xeto^^^^^jffl;cd:  83, 
and  tiie^^^^^^ra^^^f  relay  L.)  Relay  H 3  partly 
cbmpligtes^j^^^D^dldirig  circuit.  Relay  H3  also 
performs  ^P^Mnmg  functions: 

(1)  Cbntatts'^n^O  arid  11  cjose  a  circuit  whic^j 
a£pU^  ground  po»riu  fifth  :  level  of  afT 
lini^finders ,  in  its  own  grouj^;  thus  preventing  the 
linefinder  from  operating  above  the  fiftS-  level  until 
H3  br  N3  bf  the  opposite  group  fKtors:  • 

(2)  Conucts  5  and  4  close  the  operating  path  for 
relay  F- 3. 

(3)  Contacts  l  and  2  opttx  a  partially  com^pleted 
circuit  to  relay  E3  to  prev<^i  relay  E3  from  operating 
when  relay  F3  operates. 

Reiay  FJ.  (Operated:  Rclaj^  N3,  C3,  P5,  B3,  and 
H3,  and  theX  contacts  of  relay  L.)  Relay  j^3^ operates 
wheri  relay  H3  cbriiplctes  its  operating  circu^gstated 
earlier.  Relay  F3  p^drrris  the  following  fulOTons: 

(L)  It  completes  its  owh4iolding  circuit  though  the 
1 250-bhrii  wiriding. 

(2)  Relay  F3  opens  the  initial  operating  circuit  of 
relay  P3.  This  circuit  was  COTipletcd  through  conuc 
4  and  5  of  relay  F3  when  F3  was  not  operated 

2sn 


_rJ2j_5^clay  F3  cbmplc^tes  andther  circuit  to  ground 
for  rcTajNpS  through  contacts  6T  and  7T  of  relay  P3; 

(4)  Relay  F3  opens  the  operating  circuit  of  relay 
B3,  which  passes  thrquj^h  contacts  I  and  2  of  relay  F3 
when  F3  is  not  operated. 

(5)  F3  also  partially  complete  the  operating 
^^'^^M'i  J"cl_ays^  K3  or^J3,  which  passes  through 
contacts  7  and  8  or  9  and  10  of  rejay  F3  (FO  i ):  : 

Relay  33  r^tores.  (Operated:  Relays  N3,  C3.  P3, 

^nd  !^?'Jl"<^Ahc^^  L-lWh^Jl 
reiay  B3  restores,  it  starts  its  weighted  armature 
vibrating.  The  armature  makes  alternate  contact  \yith 
the  two  i»ints  of j^ntacts^^  and  4^f^ relay  B3,  thus 
they  continue  to  complete  the  circuit  which  holds  relay  • 
H3  operated.  This  effect  is  pkjssiblc.  because  relay  H3  • 
re  I  eas^  slowly.  The  con  tacts  of  re  lay  B3  arc  set  to 
vibrate  long  enough  to  keep  the  holding  circuit  for  a 
period  of  approximately  3 '/j  seconds.  Under  normal 
coiiditions,  the  lincfinder  wi^ll  operate,  seize  the 
marked  contact,  and  extend  the  loop  of  the  catting 
telephone  to  thB  selector  in  this  time  interval. 

NOTE:  Jn  the  scqiiea^pdf  relay  ope  rat  ion 
descril>cd  in  the  prececfmg  paragraphs,  we  have 
assumed  normal  operation  of  the  linefmder  up  to  and 
including  the  actual  extension  of  the  loop  to  the 
selector.  _    _  __   

Relay  B.  (Operated:  Relays  N3,  C3,  and  P3,  ahdth'e 
X  contacts  of  telay_  L:)  Relay  P3  completes  the 
operating  .circuit©/ relay  B. 

When  relay  B  operates,  it  opens,  complete,  6r 
panially  completes  the  following  circuits: 

(L)  It  compl<IS  the  operating  circuit  of  the  VERT 
MGT  through  cbhtacts  10  and  II. 

NOTE:  The  VERT  MGT  circuit  was  partially 
completed  to  contact  10  during  operation  of  relay  P3. 


(2)  Relay  B  partially  cpmpletes  the  operating 
circuit  of  the  KTY  MGT. 

(3)  Relay  B  opens  (at  its  cbhtacts  3  arid  4).  the 
circuit  wjiich  held  relay  N3-opcrated  before  the  call 
was  started.  N3  do^  np^K^o re,  because  an  additional 
circuit  hjas  betn ^j^^^Hh^U^  ^htacrtsJZB  and  3B 
of  reiajC3.^}iS3gFc^Bp  4*of  rel^ay  B  breaks  with 
contact ftflP^^ot  with  cphtact  5,  thereby  partly 

'  cdmpleM^Poin^it  to  the  selector  oyer  the*C  lead  by 
piacing'groand  jxxential  on  the  C  lead: 

(4)  Relay  B  opcns^(at  its  contacts  1  and  2)  the 
circuitjrom  the  GUARD  lead  to  ground,  which  will 
be  completeJd  when  the  VON  switch  opcStes  if 
contacts  1  and  2  of  relay  B  are  hot  opeh^.  Opening 
a>ntacts  1  and  2  prevents^groimdmg  of  the  GU^RD 
lead  at^  this  point  in  the  siK^uence:  A:  grounded 
GUARD  lead  will  cause  the  distributor  wipers  to  step 
off  J^he  distriti^utor^c^^  associated  with  the 
operating  linefmder  Ind  disconnea  it  from  the  group 
relays. 

(5)  kelay  B  jjlaces  the  500-<^m  nohinductive 
^"^L'lB  of  _rc[ay  6  acrqw  the  lddp*^to  the  fi^^ETector 
by  closing  contacts  12  and  13: 


This  action  preseizes  the  selector  and  means  that  the 
caiiing  paity  receives  dial  tone  faster.       _    _  __ 

VerticSk^a^nets.  (Operated:  Relays  N3.  C3,  P3, 
arid  B,  arid  rhe  X  cdritacts  of  relay  L.)  When  relay  B 
operates,  it  completes  the  operating^ iiircuit  of  the 
VERT. MGT.  When  thegVERT  MGT  operates,  it 
raises  the  wi^r  asscmbly^rie  step  and  completes  the 
operating  circujjtLof  relay  A3.       . _  _ 

FDN5w/fc/i.<He>pcrated:  Relays  N3,  C3,  P3,  and  B, 
the  X  contacts  of  rejay  L,  an^^ 

mechanical  movement  of  the  lincfindej- switch  caused 
by  the  first  of^ratibri  of  the  VERT  MGT  operates  the 
VON  switch  SW^I .  The  VON  switch  contains  two  sets 
of  break-before-make  contacts.  When  the  switch  is  not 
operated  (the  Hn^irider  is^ri  its  idle  pbsitiori),  the  C 
lead  to  the  selcgtbr  is  connected  to  the  GUARD  lead 
of  thelinefinder.  If  a  short  occurs  in  the  trunk  between 
the  first  selector  and  the  liriefiridcr,  a  circuit  if 
cortipletc^  from  the  GbARD  lead  of  the  iinefinder  to 
ground.  This  also  occurs  if  the  selector  fails  to  remove 
ground  from  the  C  lead  as  a  result  of  improper 
operatiori.  If  this  occurs,  the  distributor  wipers 
the  linefincjcr.marked  l*busy"  and  step  past  it  to*^™ 
next  idle  Iinefinder.  When  a  liriefiridcr  is  seized  arid 
operated,  contacts  5  and  6  of  the  VON  switch 
complete  this  guard  circuit.  A  circuit  to  ground  fromj 
the  winding  of  relay  NJ  is  c»m  ^llrough  comacts' 
2and  3  of  the  VON^itch  when  it  is not  operated. 
This  circuit  passes  through  the  ATB  GND  lead,  which 
is  multipled  to  cortta^^  all 
lincfindcrs  in  the  group:  Therefore^^i^the  operating 
lih|finderSs  the  last  in  a  group  to  bperate,  the  circuit 

lto¥ll4/r*^t"  winding  of  rclajr  N3  is  brt^en;  and 
N3  .  restores  if  it  was  not^ being  held  opcratey4)y_th)5 
ground  from  contacts  2B  arid  3B  of  .relay  P3.  The 
VO^N  jwitch  also  completes  connccftDn  to  ground 
through  its  contact  4  and  5,  which  is  used  by  sevcraf^ 
.  Qircuits  during  the  bpcratibri  of  the  lirtefi rider.  The 
.  VOI^  switch  will  also  clp^  its  contacts  1  and  2 
through  which  the  opcratiS^  circuit  of  the  RLS  MGT 
i^  completed  wheri  the  call  has  beeri  fully  to mpletpd^ 

Retay^AJ.  (G)pcrated:  Relays'N3,  e3,  P3,  and^^ie 
X  contacts  of^day.L,  the  VERT  MGT,  an4,t|i«??A5N 
switch.)  The  operatirig  circuit  of  relai'_A3  is  Cdmpfeted- 
by  op|ration  of  the  VERT  MGT  and  its  interrupters 
(SW-:^.  _  /  > 

Wheri  relay  A.3  PI>5rat(W,  it  opens  its  br^  Contacts 
2  and  3,  thus  opening  the  operating  circuit  of  the 
VERT  MGT.  Gonsequenily,  the  VERT  MGT 
restores.  But  when  relay  A3  restores,  it  again 
complete  the  operating  circuit  x>f  the  VERT  JVUlt, 
andffie  VERT  MGT  operates.  Each  time  the  VERT 
MGT  operates,  ihe^  assembly  is  raised  one  step: 
'fliis.'altemate.opferation  of  relay  A3  and  the  .yERT 
MGT  coritinifes-uritil  the  vertical  bank  wiper  reaches 
the  marked  vertical  bank  contact. 

^eiayDS.  (Operated:  Relays  r^3^^J.  P3,_and  B,  the 
X  contacts  of  relay  L,  and'  the  VERT  WGT.J  When 
the  vertical  wiper  reaches  the  marked  vertical  bank 
contact,  a  circuit  through  the  85-oHm^vinding  of  relay 


i 
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D3  is  completed.  A3  operates  and  holds  ni^liiS|ftril^, 
because  i^  qpefatihg  circuit  is  in  series  with  t^85- 
ohm  winding  of  D3. 

Relay  P3  in  full  opergnoh.  (Operated:  Relays  N3, 
C3,  P3,  B,  A3,  H3,  and  F3,  ihcX  c»^^^^  of  relay  L, 
md  the  X  contacts  qf  relay  b3:);C^ratton  of  H3  and 
F3"  occurs  at  the  ^me  timc^^as  vcnical  and  rotary 
^t^PPlnt  j^J^^y  s^i^  be  rioted Jhai  the  coritacts  of  relay 
B3  wiii  be  vibrating  at  this  stage  ^f  the  sequence.  When 
relay  P3  clos«  its  X  contacts,  it  complete  8M:ircui_t 
through  its  650-ohm  wiridlrig,  which  operates  D3  ' 
fully:  The  operatecl^  rtlay  D3  completes,  partly 
completes,  or  opens  the  following  circuits: 

_  Jt  ogsns  the  operating  circuit  of  the  VERT 
MbT  at  contact  3  and  4: 

(2)  Relay  03  of^ns  the  operating  circuit  of  A3  by 
causing  the  VERT  MGX  to  ratdrc. 

(3)  Relay  fi3  completes  the  RTY  MGt  circuit: 

(4)  Relay  D3  fully  operated  opehs^  the-  ciif^^iit 
through  i ts  8 5 -d h rn  wi nding  at  contacts  6  and  7 . 

(5 )  _  Relay  03  opens  the  initial '^^atirig  circuit  of 
relay  P3,_whig]^  is  completed  tl#dugH  ife  contacts  9 
and  10.  N(^pf*Whcn  b3^ppens  |he  circuity  td  the 
VERT  MGT,  the  VERT  MGT  restores;  consequently, 
A3  restores. 

;«erchte$  <402):  Z 
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G^mplete  the  fdllowirig  items  retttive  ltd  lihefinder 
equipment  during  seizure  and  venical  stepping,  using 
foldout  i  as  necessary:^^ 


I  -  r^lfyf  make  up  the  4i< 

group  relays? 


fig  circuit  in  the 


2.  What  is  the  purpose  of  thc^;yc:nical  interrupter 


'  springs  in  the  lincfihder? 


3.  What  reJay  in  the  group  relays  is  normally 
operated?  Why? 


4.  Which  relay  <>gritflGts  in  the  group  relays  close  the 
operating  path  for  the  D3  relay? 


5 .  Li  St  the  circu  i  t  dperabons  th  at  occur  i  mmed  i  ate  ly 
due  to  the  operation  of  relay  C3^:  :  ' '  ^ 


6.  State  why  the  linefmdi?r,  when .  line^relay  41 
operates,  does  not  stdjJ  onjhc  first  vertical  level. 


7.  Why  IS  the  selector  [Sfeseized?  How? 


8.  Why  doesn't  the  LF  stan  signal  lamp  light  when 
relay  C3  firs;t  operates? 


9.  If  the  N3  -  jplays  are  not  operated  when  a 
subscr^»er  goes  dff  hook,  what  action  results  in  the 
lincfinder  equipment? 


J^l^^ML  1  ^  nc^<^Psary,  idehtffy  the 
actions  that  ||cciir  in  the  iinefinoer  eqaipment  during 
rotary  stepping  and  switch-through  and  state  the 
effects  these  actions  have  on  associated  eqiiijmiejit. 

^  Rotary  Stepping  and  Switch-Thrbugh.  Let's 

^'^L^J^ISL^^J^  ^^iT'^it^Cjhave  coyer  subscriber 
went  off  hook,  closing  the  loop  to  operate  a  line  rejay: 
The  line  relay  marked  the  vcnical  bank  with  ground 
_c)osed  the_dpcf at^l^^^^ path  for  reJay  C3  -  The  C3 
closed  the  operating  path  |(^gj|p  P3  relay,  which  caused 
actions  in  the  lihefirider,  ffi|Seli  as  in  the  group  relays. 
:  The  P3  rclaj  itaricd  the  timing  circuit  m  the  grdup 
relays  and  clo^  the  operating  ^th  of  the  B  relay  in 
the  liriefinder.  iThe  B  relay  closedla^Jtth  for^preseizure 
ofjthe  associated  seleoor  and  lo^^hc^eitigl  mag^^ 
*the  lincfinder  The  vertical  infit^pterl^^^ 
liricfiridenarid  rela^  A3  of  the  ^oiip*  relays  worked  iii  ^ 
comunctton  ^-^^^^j  l^nefmdcr  yerticalliy  to  the 
proper  levc;'  ""^^"^ 

IriS^^teppirig  rotary, 
ted:  X  contacts  of^relay  L: 
H3t  F3;  and  Ce  j/NVhen 
implei^  the  circuit  tb  the  RTY 
own  3  and  2  contacts:  When  the 

 ^  operates,  it  completes  the  operating. 

^r'^yi^tr^^MA^iT^  relay 
which  was  completed  to  ground  through  comets  ^ 
and  2  of  the  VERT  MGT,  is  now  completed  lo  ground 
thrdUgh  coritacts  1  and  2  of  jhc  RTT  M 
the  VERT  MGT  has  conyleted  its  funaion  and 
restores.)  When  A3  operaUSfcJt  opdhs  the_operating 
circuit  df  the  RTT  MOT.  Tlius,  the  RTY  MGT 
restores.  But  when  the  RTY^JiiGT  restores,  it  oKns 
the;:5>p<*!rHing  circuit  of  A3.  A3  rcjstprw  and  a^in 
dpg:ayn|Cir^^  the RT^  MGT.  T^c 
^aileniate  o^fStiono^  and  relay  A3 

witih:^ntiriue,  igovirig  the  lincfiridcr  wijxsrs  on  rotary 
step  for  each  operation  of  the  RT^^GT  uritil  the 
wipers  reach  the  marked  contact  of  thc"t«n«fcyl  bank. 

We  ribw  rieed  to  stop  arid  look  at  something.  We 
said  earlier  that  we  had  cut-through  relays  for  the 
upper  and  lower  banks  in  both  the  linefinder  and  the 
grduji  relays  circuits.  The  J3  and  K3  relays  in  group 


Npw  I 
Rbtary^ 
and 
rela' 

MG^Try  clbi 
rotary  magnet 
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relays  WO rkJn  conjunction  with  A  aad  D  relays  in  the 
lihetlndcr:  The  A  Md     -relays  and  the  D  and  J3_{dis<i 
jockey  may  fielp  you  remember)  relays  work  together; 
The  A  relay  is  for  upprj^bank,  aild  the  D,  |pr  lower 
bank  sclectidri.  Forbur  pui^sc  our  (^lliiyg_pa 
the  lower  bank.  '  ~ 

Qp^ratiort  of  Relay  J. 
L(C^rScd:  RclaysN3, 
X  cbhtacts  of  relay  L. 
control  bank  contact  is 
negative  battery,  the  operating 
cbmplcted.  .- 

(1)  The  operating  circuit  of 
opcnai  when  relay  J3  operates 
through  contacts  1  andlxif  this-Tclay.  Th' 
relay  J3  operates,  the  RTY  MGT  restoEp* 
w hen  the  RTY  MGT  operates  for' the  lasr  s jpp,  1 1 xyloses 
the  circuit  of  relay  Al.  Therefore,  rela^9^A3  operates 
and  then  it  restores.  This  has  no  effect  on^be  other 
parts  of  the  circuit.)  ^ 

(2)  The  operating  circuit  of  reiay  j3  is  completed 
through  the  600-dhm  winding  and  contacts  1  and  2  of 
relay  L.  Thus,  relay  L  operates  fully.  Full  dpcration  of 
relay  L  removes  the  line  relay  windings_from  the  loop 
circuit  and  removes  ground  from  the  CN  lead  to  the 
connector  (FO  1 ):  Ground  is  repjaced  on  the  CM  lead 
by  the  selector  when  relay  D  operates. 

(3^  Full  operatioh  of  line  relay  L  also  opens  the 
first  operating  circuit  of  relay  C3,  which  was 
completed  through  the  9  and  10  contacts  of  relay  L  to 
ground.  _C3  does  hot  restore,^  ^  a 
holding  circuit  completed  through  contacts  tO  and  1 1 
of  operated  relay  H3. 

Reiay  D.  (Opcgtcdj  Relays  N3,  C3,  P3,  B,  b3,  H3, 
and  j3.)  Sinfi^he  cShtrol  bank  wiper  is  marked; 
re  I  ays  J  3  and  Tpb  pcratc.  R  e  I  ay  D  ci  rcuit  is  completed 
thpdgh  contacts  3  and74  of  relay  J3.  The  operating 
circuit  of  relay  P  alsa/includcs  the  make  contacts  4 
?  operated  relsy  p3^  Si ncc  _rc|^  03  \i  ojle  of 
the  ^oup  relays,^  will  restore  after  the  tinefrnder  has 
extended  the  Ib^  of  the  calling  telephone  to  the 
selca'or  or  connector^  but  fclay  D  must  remain 
operated  for  the  duration  of  the  call.  Therefore,  when 
relay  D  bperates,  it  completes  its  own  hqlding  circuit 
through  its  4T  and  ST  contacts.  Groun^^otential  is 
kept  on  Jth^^€vjcad  during  the  projpres&s  of  the  call  by 
<»ch  3viatch,  bite^afte  and  finally  by  the 

connector.  When  relay  D  operates,  it  also  complete  or 
opcnjHthe  following  circuits: 

It  extends  the'  4-'itnd  —  lines  of  the  calling 
ttflcphoneJoop  to  the  selector  through  contacts  7B-8B 
and  5B-6B,  rcsp5Ctivcly.j^^  J*        ■%  ^ 

(2)  It  completes  a  circuit  through  the  660-ohm 
winding  of  relay  L  and  through  contacts  bf^  related 
selector  br  (X)nncctor  to  ground.  

(3)  It  completes  the  operating  circuit  of  the 
distributor  MM.  Prior  to  the  operation  of  relay  D,  the 
circuit  from^the  distributor  level  A  to  ground  was 
open.  f 


(4)  It  opens  (at  relay  D  contacts  IT.  and  2t)  a 
pairtially  cbmpleted  cii"ctiit  through  the  RLS  MGT 

(5)  It  opens  the  circuit  to  the  RTY  MOT  at 
contacts  3B  and  4B, 

bistriimror  motor  magnet  operates:  (This  happens 
right  after  the  operation  of  relay  D.  The  fo  lip  wing 
relays  are  operated  at  this  pointy  relays  N3,  L,  C3,  P3, 
§,  J3,  b,  H3^  F3,  and  D3;)  The  VERT  MGT,  relay 
_  and  the  RTY  MGT  have  restored.  Relay  B3  has 
<i^fcrcd,but  i^annature^^^ 

b  op)l^ti^;it'^mp(etes  a  circ^  through  the  winding 
of  tbs'flijftr^Sit^r^^l  as  described  above.  When  MM 
borates,  it  ji^nv  the  cir^ii  bctWcen  felay  P3  and 
negative  battery  at  its  interrupter  springs  I'  and  2.\ 
'  Relay  P3  restores.  (Operated:.  Relays  N3,  L,  Ci  HJ 
D3,  D,  J3,  and  F3^)  As  relay  P3^«tbresjt  opens  tji^ 
MM  circuit  by  breaking  contacts  2T  and  3ll|.^he 
closing  contacts  IT  and  2T  of  relay  ^3  partially 
complete  another  circuit  ih rough  the  winding  of  the 
MM:  When  relay  P3  restores,  it  also  opens  the 
following  circuits:  "^^S^ 

( 1 )  it  opens  the  operating  ciri:uit  of  jrelay  B,^  which 
is  completed  through  cbhtacts  4T  arid  5T  bf  relay  P^, 
Hence,  relay  Bj-esto res.  Also,  the  operating  circuit  of 
relay  D3  is  opened  at  contacts  5B  and  4B  _of  relay  P3. 

(2)  It  opens  the  operating  circuit  bf  relay  ^H^ 
which  is  completed  through  contacts  4B  and'fB  of  PS.  s 

(3)  it  opens  a  circuit  from  ground  to  the  winding  of 
relay^3,  which  is  cbmplirtcd  through  con ta^^ 

3B  of  relay  P3.-Note,  however,  that  relay  N3  may  not^^ 
always_rest6rfe^  since  its  circuit  is  completed  through'^ 
the  ATB  GN  D  lead,  which  j|  multipjcd  to  ground 
through  the.  VON  switch  ^d  through  unopcrated 
contacts  3  and  4  of  relay  B  of  any  idle  lihefiridcr  in  its 
grbup.  If,  hbweVcr,  the  qpcratmg^  [inefindef  is  the  las^ 
of  its  group  which  is  idle  when  the  call  is  cut  through 
to  the  selector,  the  holding  circuit  of  relay  N 3  will  be 
opened  when  cdnta^^  2B  and  3B  bf  P3  break;  then, 
N3  will  restore.    ^  -Jr  v 
'  (4)  It  further  opens  the  bpcratihg  circuit  bf 
A3  by  breaking  contacts  8T  and  9T  (FO  1 ).  Sin 
circuit  6f  relay  A3  was  opened  when  the  vertical 
rbtary  stepping  was  cbriipleted,  this  contact  open 
has  no  further  effect  on  the  circuit. 
^  (5)  It  also  opens  th^Di  relay  X  contact  circuit. 
This  circuit  was  preyutolj|ybrokeri^ 
operate;  therefore,  this  contact  opening  also  has  no 
effect  on  the  circuit. 

J  Distributor  When  relay  P3  r«tor«,  it 

opens  the  opcsrating  circuit  of  MM.  As  MM  restores,  it 
caus^  the  disWibutor  wipers  to  rbtate  brie  step,  arid^t 
the  ^metywif  it  clo^  its  interrupter  contacts:  When 
the  distnoutor  moves  forward  one  step,  it  breaks  the 
folfowirig  circuits  between  the  group  rcla>^  and  thej 
lineflnder,  which  has  just  completed  the  op^^ttoTi; 
and  partially  completes  the  same  circuits  bctween^he 
group  relays  and  die  linefinderyrelatcd  to  the  next  set 
of  distributor  contacts: 

(1)  In  restoring,  distributorsfecl :  B  breaks  .the 
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operating  circuit  of  relay  B  of  the  Hnefindcr.  (Note 
that  reiay  B  actually  restores  whcn;P3  r^tores.) 

(2)  When  MM  restore,  it  closes  its"  interrupter 
contacts  1  and  2<  This  may  or  jTiay  not  complete  a 
drcuit  throu^  the  winding  of  MM  s_ 

If  the  iineftnder  to  which  the  wipers  nave  stepped  is 

-idle,  its  A  or  D  ai|d  Barclays  will  r^wtore'NticKopen  the 

^  circuit_  connjxti^         CJcad.  C^nseqUc^^^^ 
does  not  opei^e  ftgakt,  and  the  distributor  wppers 
remain  on  Oi^  distributor  contacts  of  This  idle 

?^U??OD^cf.  IJ^^g^^i^rtite  to  which  the  wipers  have 
stepped  is  bu^r"Bve"^ircuit  will  be  complete  from 
contacts  3  the  busying  twitch  to  <x)ntacts  8T 

M^  9T,  rela^^^  If  the 

'  iinefinder  is  idle,  the  distributor  wipers  remain  on  the 
li}|^ihder*s  distribute^  contacts.  If  the  linefihder  is' 
^^^_^J^JP^>>  ^^^  A^^^f^r^rwafd  b>  the  dpe^ioh 
andjrestore  MM,  as  alre^y  decribed.  Thu^  the 
distAbiitor  will  V^htiniie  to  step  its  wipers  from 
LL"jfj0^cr ji9_  ^]"®^*fl^_u"til  _*n_  Jdle  one  is  found, 
prodded  that  at  least  one  linefinder  in  the  group  is 

^  idle. 


(3)  Distributor  level  C  opens  the  VERTieALJead 
dyer  which  the  circuit  to  the  VERT  MGT  is 
Kimpleted.  _  _______ 

(4)  Distributor  level  E  opens  the  lead  to  relay  D  of 
the  linefinder  over  which  the  initial  operating  circuit 
of  relay  D  is  completed.  Rel^y  D  provide  its  own 
hoidtng_ciraiit. 

(5)  Distributor  level  F  opens  the  lead  to  relay  A  of 
the  linefinder  over  wh|ch  the  initial  operating  circuit 
of  relay  A  is  completed.  Relay  A,  like  relay  £), 
provides  its  ovm 

(6)  Distributor  level  D  also  opens  the  TEST  lead 
over  which  the  circuit  to  relay  J3  is  completed^ 

ReTdy  B  of  the  lihefihder  restores.  (Operated:  Relays 
N3,  t,  e3,^H3,  b3^^,  and  D:)  In  studyinjg  this 
section,  4iqte  that  a  nijfnbcr  of  relays  release  at  the 
instMt  relay  B  ftet  B  Jfestores,  it 

compiBts  the  following  functions:       .  i^'^-  ^ 

_  iU  It  opens  thc  opcrating  ^irQuits' d^  the  V^RT 
^^pT  ^^_?^TY  MGT,  which  are  pqmpltt^  through 
relay  B  conm^  10  and  11  and  cojitadte  8  and^^Th«e 
circuits  were  already  open  at  other  cb^iAn^i^i^U 
_(?^)  It  compl««^  a  mUltlprc  |5if cuSpd 


(4)  It  removes  the  50D-ghm,  noninduciive  shunt 
wmdmg  of  relay  D  from  the  line  loop  by  opehinc 
contacts  12  and  13.  _ 

Relay  m  restores.  (OjD^rated:  Relays  N3,  L,  03,  D3, 
F3,  D,  and  J3:)  Relay  Hi  restores  when  its  holding 
circuit  is  opened  by  the  release  of  relay  P3:  When  relay 
*  H3  restores,  the  fblldwing  things  hap^ 

(1)  It  opens  contacts  10  and  1 1  to  disconnea  the 
holding  circuit  of  relay  C3. 

_  (2)_It  opens  contacts  8  arid  9,  through  which  it^ 
o^n  holding  icin!:uit '  was  completed  before  B3 
rwigrcd.  - 

_  _  (3)_Jt  opens  fXJrita*^  3,  through  which  the 

hpiding  circuit  of  relay  ^l^was  completed  before  P3 
restored,  and  closes  coht^ts  1  and  2,  through  which 
t       Pperatin]^  cir^^^^^  £3  would  have  passed  if 

reiay  P3  has  not  restored: 

^  Relay  D3  r^oresJiOptrz^^  at  this  pbintj_Relays  L, 
§*L^_  The  P^i^.^hich 
l^appens  right  after  the  release  of  P3,  iias  no  effect  on 
the  group  relay  pircuits  or  the  lihefrnder,  beicause  all 
cij'cu[ts  complete^  throtigh  its  contacts  were  a^rcadj 
opened  when  other  relaj^  in  the  group  were  restored; 

Relay  C3  restores,  (Operated;  Rclays.L,  D,  and  F3.) 
The  holding  circuit  of  relay  C3  <^  opened  when  relay 
H3  restorer  The  restored  relay  C3  opens  the  circuit  to 
the  ST  SIG  lamp  (FO  I ),  wh(^h  is  completed  tiirough 
contacts  1  and  2.  T^  rclcasw^  also  oj>eris  contacts 
3^nd  4,  which  completed  the  initial  operating  circuit 
of  P3  before  F3  operated.  If  another  call  has  been 
originated  in  the  group  relay,  C3  will  not  res^^  as 
indicated.  The  secbrtd  calLwill  operate  the  line  relay  of 
the  calling  telephone:  The  line  relay  X  cdritactt 
compile  a  WctJit  to  relay  C3  through  the  start  and 
level  marJcingj^esistors._This  circuit,  which  prevents 
relay  C3  from  r^oring,Ttiay  or  mnay  jidt  be  completed 
through  the  sar^e^rt  and  [cvel  marking  resistor  as  the 
pri[^o«n  call.  Afthddgh  relay  63  remains  operated, 


re: 


:fey  P,3^ 


.cannot  operate  until 


F3  restores, 

b&cause  ^e.  ^itial  operating  is  completed 

through  cbhta^  4  '£id  5  of  relay  FS^  ground.  Since 
is  the  last  of  the  group  relays  to  restore  (except  for 
C3),  the  grditp  fela>s  will  be  r^dy  to  handle  jl^e  next 
lL^hen_F3  testoresL  :         _  _ 
l^i^^ itei^  Relay  L  and  relay  D  of 

^J|nefinder.)'Jtelay  F3  r^toris  when  its  operating 

_   ...  ^     _jii^'  opened  by  H3.  The  release  of  relay  F3  has  no 

the  guard  lead,  level  A  of  dife  distributor:  The  function.  j^j^Sj^'^Qr^  A^^  circuits  of  either  the  grdup  relays  or  the 
of  this  circuit  is  td  mai*  the  distributor  contacts  as/^rel^  of  tiie  linefinder,  because  all  circuits  completed 
busy  umil  the  call  [s  erid^^  (Until  the  liriefindef:-  ^  thfough  its  contacts  were  opened  by  the  release  of 


restores  its^VON  switch). 

(3)  It  opens*  the  circuit  which  first  conneaed 
grdurid  potential  to  tte  C  lead^  This  circuit  is 
cortrpi^tod  from  thfeJE  lead  thtli^^  contacsj  4\and  5  of 
relay  m6  gr9urid^O  Ij.  Not^Jbowevcr^  thfittgrourid 
is  applied  tcf^he  C _Iea<y)y  fir noKt  switch  in  mejrairi 
(selectpr>^  connector)  as  soon  as  relay  D  or  A 
-op^t<^rWheri  contact  4  breaks  with  contact  |5^^it 
makes  with  contact  3,  thus  partly  completfng  ^ihe 


circuit^ 


dther^lays.^  _  ^ 

All 'group  relays  restored.  As  ^ch  group  reiay* 
TeHborts  after  the  Jopp^  is  extended  to  the  selector,  its 
contacts  return  tcf^e  ^sitiori  held  a^Jlhe  sprt  df  the 
call:  Whefegli  group  relays  have  restored  Jlcept  N3, 
they  are  j^Hy  to:  handle  another  call  through  the 
li*l^f^?^^r^  whichvrfie^^  beeh  coririected  by  th<  - 
distribttipr:  Relay  fe^fj  the  linefi|pder  (which  has 
operq^cto  a^d  the  Vine  relAy  L  do  not  rtttore  until  the 
calling  p/irty  places^ me  handset  dh  the  ^rac^e.  Note. 

•    -  *  :.?"A  ~ 
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however,  that  the:  imcfmder  which  we  have  discussed  permits  the  shatV  to  drop  its 

•throughout  this  chapter  is  no  longer  connected  to  the  normal  vertical  position.  When  relay  G3^erates,  it 

group  relays,  because  the  distributor  wiper'has  stepped  /^PP"^s  ground  jx)ieriiial  to  the  RLS  lamp  lead  through 

to  the  next  Imefinder.  coriiacujj*^^  ^^."^  P^^tjally  completes ^a  circuit  to 

the  RtS  alarm,  if  the  switch  fails  to  return  to  normal 

Exercises  (403):      -  within  a  certain  period  of  tirhe,  a  delayed  relay  cycle 

Complete  the  following  items  relative  to  linefinder  f  ^ 

equipment  during  rdtaJy  stepping  and  cut-through,  ^  signal  group  ^^^^^^^^  (aisle  piloUanip)  for  a  row^  of 

^     "  i^^^^                        HK  6                        .  nefinder  bays  and  the  green  RLS  lamp  on  the  fuse 

using  foldout  I  as  necessary.      .  particular  shelf. 

1 .  What  prevents  the  line  relay  from  operating  the  VON  switch  restores,  and  then  relay  GJMd  the  RLS 
Hncfinder  when  the  called  party  pickV^up  the  M(J T  resfore  (Operated^  R 

handset  to  answer  the  telephone?  NVheh  the  lincfindcrshaft  drdpsjo  its  normal  po5ilion«; 

the  VON  switch  xiatofcs  to  open  contacis^  Wia^  2 
(through  which  jN^^il  tp  the  RLS  MOT  and  relay 
(33  was  com^w^ills'^fetdres  the  RtS  MGT  and 

2.  What  relay(s)  in  the  linefinder  equipment  is/are  relay  63.  W-i^^^^'f 

held  operated  daring  conversation?         ^  jf  the  lihci^j^^Wf^rs  are  prevehted  frorri  stepping 

^  to  the  marked  contacts  of  the  callmg  line  wkhin  the 
tiine  allowed,  the  call  will  be  transferred  to  the  partner 

T^i      _  ---^^a^^^^L^  -  group  of  Hncrmders.  

\  3.  How  do  the  actions  of  re i^^^^^R^^^ group  Relay  B3  nmesLpM^-  The  distance  that  the  vibrating 

\    relays  and  linefinder  during^mlPlfe  ^^^^  of  relay  B3  nSoves  is  slowly  rcjduccd  before  the 

^                                 ^^^^^^^  comes  to  rest.  The  hdldirig  circuit  of  relay  H3  is, 

^^^^^M  cdmplct^  thit)Ug^  the  vibranng  ree4  contacts  of  reiay 

_    I                 _  ^           ^  B3:  As  the  vibrations  of  the. reed  decrease,  rclaytH3 

4.  Specify  the  actions  of  tht  linefinder  equipment  if  receives  fewer  pulses  and  is  finally  allowed  to  ristorc. 

"  the  next  Uncfind(^t.  c^pnnj^ted  to  the  banks  of  the  ^^i^y  //j  restores:  (Operated:  Relays  N3, 63^  P3,  B, 

distributo^$  not  idle.  and  F3,  and  the  X^wn tacts  of  relay  L.)  Relay  P3 

.         ,                         ^  or  may  not  be  operated,  depend ing^u^  the 

^  movement  ofc the  linefinder  is  halted  before  or  after 

/  rotary  motion  began.  When  relay  H3  restores,  it 

'    -                        _       _  performs  the  following  ojpei^tioris: 

404.  Using  foidoiit  1  as  j^|c^ary,  identify  the  (d  it  opens  the  circuit  jo  ground  from  the  1300- 

actions  that  dcipur  :n  the  linefitfcr  equlpiiieht  daring  Q^m  start  winding  of  relay  F3;  but  F3  does  not  restore, 

release  atid  traisfer.  because  it  is  held  operated  by  current  through  its 

-                 _      _               "                L_  1250-ohm  winding.                     _  _ 

Release  and  Trauister.  When  the  calling  party  *     (2)  U  o^ns  the  holding  circuit  of  relay  C3,  which 

replacs  the  Irandset  on  the  cradie,^e  lopp  circuit  is  jg  completed  through  contacts  6  and  7.  Relay  C3  do« 

open  to  the  last  switch  in  the  train.  This  switc  restore,  however,  because  its  initial  operating 

the  cdhnectbr  if  the^H  has  b«j^^  '^^^"^^  ^''^  circuit  has  not' been  opened.  Note  that  the  hqldirig 

connector,  but  it  wi^ll  be  the  selector  if  the  caiiing  panty  circuit  for  relay  C3  al^  completes  a  circuitto  ground 

replaces  the  handset  before  the  loop  is  extended  to  a  f^^^  ^^ic  fifth-level  contact  in  the  vertical  Bank  of  the 

cohhectQr.  When .JJie  loop  circuit^is  open,  relay  B  of  linefinder  ih^its  own  group.  Whehever  this  fifth -level 

thejast  switch  in  the  train  restores  to  remove  ground  contact  is  marked  with  ground,  the  linefinder  in  that 

ffom  the  C  lead.                                _ :   group  will  notjoperate  above  the  fifth  level.  Since  the 

^Rep)^  D  and  Lrestore.^T^                 holcis  relays  TEST  lead  contacts  ground  on  the  fifth  level,  it 

and  L  operated  is  grounded  through  the  C  lead.  complete  the  operating  circuit  for  relay  D3  and  st 

When  the  last  switch  in  the  train  removes  this  ground,  rotary  motion; 

the  iclays  restore.                                           V  (3)  It  completes  the  operating  circuit  of  relay  E3 

fieiay  G3  and  Rt:S  MGT  Of^rate.  When  relay  3  ^^ile  relay  F3  is  operated. 

restor«,  it  completes  ar^ircuit  frdn^  ncgatjve  batt^.  (4)       reiswM3  release.  It  also  opens  the  holcSthg 

through  the^Lnding  of  relay  G3,  ^through  the  RhS  circuit  of  rel^TO  at  contacts  3  and  2. 

BATT  Irad  of  the  RLS  MGT.to^ound  at  contacts  3  _       _^  _  _  *  ^    -  - 

and  4  of  relay  B.  Wlien  the  RLS  MGT  dj^rzics,  the  Relay  D3  restor^.  (Operated:  X^contacts^  relay  L, 

mo  -Tieht  of  its  armature  withdraws  detents  from  the  and  relays  N3,  03.  P3,  B  and  F3.)  If  relay  03  was 

vertical  and  rotary  ratchets  on  the  linefinder  shaft.  The  operated  when  relay  H3  restored.  D3^o  r^tores. 

.  tension  on  the  shaft  sprinrreturns  the  shaft  and  bank  ReleascLof  D3  oAns  the  circuit  to  ^e  RTY  MGT  and 

wif^rs  to  the  normal  rotary  .position:  Whf  n  the  shaft  is  the  TEST_lead,ythus  preventing  ro*ry  movement, 

in  .this  position,  a  channel  in  ' the' vertical^  ratchet  £J  op^raf^s.  (Operated:  X  cbntacts  of  relay  L, 
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2^ci  relays  C3,  P3,  and  F3.)  Wheji  relay  £3  operates,  il 
ferritins  dpcratwi  by  a  circuit,  through  its  1 80Q"Ohm 
winSing  to  the  ATB  GND  B  lead  and  to  the  p; 
^rqupjjf  lincfindcrs.  Note  that  the  holding  cJrcui 
relay  E3  is  completed  through  any  i^le  linefinder 
the  partner  groOp:  Therefore,  relay  E3  will  not  rcwtcjn 
until  all  linefinders  in  the  partner  group  are  busy  or 
until  the  group  bUsying  switch  of  either  group  is 
mechanically  operated  by  ancnding  pereonnel  When 
relay  E3  is  opcraicd,  it  alsa  completes,  partly 
completes,  or  open s  the  folio w^^ 
^  (i )  it  opens  (at  its  contacts  3  and  4)  the  operating 
circuit  of  relay  N3'in  its  own  group.  This  circuit  may 
be  tracod  Uirou^  cxjntacts  3^|^  arid  cbritacts 

3  and  4  of  the  group  busying  switch  (SW-7)  tb  the 
ATB  lead  of  its  own  group.  \ 
_  {2)_]t  completes  ah  bpcratirig  circuit  of  the  MM 
through  contacts  5  and  6  of  relay  F3,  6T  and  7T  of 
relay  P3,  8  and  7  of  relay  E3,  3T  and  2T  of  relay  P3, 
arid  thrcHJgh  the  coil  of  the  riidtor  riiagrict  to  battisry. 

-Distri^iwr  MM  operate.  (Operated:  X  contacts  of 
rcfcy  L,tnd  relays  C3,  P3,  B,  N3,  E3,  and  F3.)  When 
^^Mji^l^^^^tt^^  in^t^ilTijner  cdn^^     tp  o^h 

the^urcuit  between  the  winding  of  relay  P3  amd 
negat^e  battery.  Note  that  the  circuit  which  operate 
the  MM  in  this  mstaiicc  is  riot  the  same  circujt  wh[ch 
operated  it  during  the  normal  sequence  of  linefinder 
dpcrapon. 

Uetay  P3  restores.  (Opcfat^SS^  cp'^t^c^  o^.t^lay  L, 
and^rcteyrfB,  €3,  F3,  E3^N3,  and  MM.)  When  MM 
operates,  it  opens  the  bperatihg  circuit  of  relay  P3r 
which  is  <S)riTplctcd  thrqii^  the  inteiropter  ointac^^ 
MM.  When  relay  P3  restores,  it  opens  severaf  circuits. 
Note,  however,  that  some  of  the  circuits  completed 
thro  Ugh  the  P3  J^iltacts  were  previous  ly  opened . 

(1)  At  contacS  4T  and  5T,  it  opens  the  operating 
circuit  of  relay  B  of  the  linefinder  and  the  holding 
drcuit  of  relay  F3.   .      4:    . 

(2)  At  contacts  3B  and  2B,  it  opens  the  holding 
circuit  of  relay - 

_  &^^y  ^^  f^'^or^^'^^^^  ^^^^y  ^_^  restores,  it  opens 

or  completes  the  followimg  circuits:    _ 

(1.)  It  opens  thej^pcrating  circuit  of  relay  C3  of  its 
own  group  by  "fei^^ririg  oont^  and  closes  a 

circuit  throu^  icdhtacts  3  and  4  to  relay  G3  of  the ' 
partner  to>upJ(FD  1).  Note  that  wheii  any  line  relay 
operatjK,  irf&arlcs  the  banks xif  all  Hnefinders  iir  both 
groups.  Because  at  the  arrangement  of  the  startand 
levet  marking  resistors,  the  circuit  of  relay  t3i  is 
norimUy  completed  only  by  dp^^^  of  the  lirie 
relays  connected  to  the  lower  five  bank  levels  of  ^ts 
own  group  of  linefinders.  Whejt  relay  N3  restores,  it 
^.P'^^^^e  circuh  between  relayir3  and  the  start  and 
level  marking  resistors  of  its  group  and  closes  a 
circuit  between  relay  CX  and  the  start  and  level 
marking  r^istdrs  of  the  partner  group. 

(2)  It  opens  contacts  8  and  9  of  the  circuit  which 
riiark  the  fifth-level  contact  in  the  vertical  bank  of  the 
gartner  group,  thus  permitting^  the  partner  group  t^ 
fcrperate  above  the  fifth  level.  When  the  circuit  pf  ihi . 


mi 


calling  telephone  is  transferred  to  re^y  C3  of  the 
jgartricr  5fdup,  tfie  fifth- level  m  the- 
icf  group  is  opened,  and  an  idleJiiKJfinder  of  the 
:  group  will  search  above  its  fifth  bank  level  for 
'     tejephorie.  ^  ' 

0  ConWis  6  and  7  open  an  operating  circuit  of 
the  MM  (which  is  normally^  closed  tTirough  the 
iritcmipter  cd^tact^Artd  the  GUARD  lead  of  a  busy 
linefinder). 

(4)  it  partially  complctcfe  a  circuit  to  the  ATB  meter 
(FO  1 ),  whi^ch  j^isteKj^c^^  time  re^jr  N3  of  both 


groups  is  restored  ^b^r^^?^ 

Relay  C3  r«fcH«$.  -^QT 
F3^  arid  MM -X^^  irim 
completed  thi'ough  contacts  4  and  j 
N3  r^tOQCs*'  it  opens  this  operatiiij 


P3,  B;E3,  arid 
circuit  of  C3  Is 
of  relay  N3.  When' 
circuit  of  C3  (FO 

1).  WliclS**tclay  C3  restore,  it  opens  the  following 
circttitti  -^Z' 

(tlGofitacts  r  arid  2  open  the  circuit  to  the  start 
signal  ftun|)  <>f»its  own  |f9ii>_(FO  1)^ 

(2)  Contacts  3  and_4  further  open  the  incomplete 
circuit  for  relay  P3.  The  initial  operating  circuit  of 
relay  P3  recciv^  jts  ground  through  contacts  4  and  5 
of  relay  F3,  which  is^w  operated.  Therefore,  open 
contacts  3  and  4  havero  effect  on  the  other  parts  df 
the  circuit. 

distributor  MM_rjestores.  (Operated:  X  _coftl2icts  of 
relay  L,  and  relay  E3.)  When  distributor  MM  rwtdres, 
1^  J^*P^r^  te^  the  next  set  of  distributor 

contacts.  Althouj^  the  intertupter  contacts  of  MM 
cldsjS^^hc^  it  >^  a  circuit  IS  riot  cdnipleted  dyer 
th^J<3uAfe]^^  the  linefinder  to  which  the 

dlstribuw  Wipers  have  stepped  is-  busy.  The  circuit 
wh i ch  "no rma I  iy  keeps  the  d i stri  biitd r  wijjers  stcppi  rig 
tb  an  idle  linefinder  may  be  traced  to  contact  6  of  relay 
N3,  which  has  rwtored.  The  wipers  of  the  distributor 
wi  1 1 ,  therefo re ,  rtrtlai ri  ori  the^  ri  ext  set  pi  d istri biJtdr 
contacts  until  relay  N3  of  the  group  is  again  operated: 
Relay  N3  will  reopcrate  after  relay  E3  r«tores.  When 
rel  ay;  N  3  r«5opcrates,  MM  wi  1 1  resurne  ^i  ts  ridtTrial 
function  and  seize  the  fif^dle  linefinder:  Relay  E^ 
remains  operated  until  relay  N3  of  the  B  group 
re l^^  or  whcri  SW -  7  i s  operated  mam ual  ly. 

A  linefinder  may  fail  to  find  the  marked  vertical 
rank  d5htact,  or  it  may  seize  the  mark^  contact  and 
staivdjary  riiotiori  buUail  td  fin^  thXmarkwi  cqiitrdi 
ba^i^^DHtact:  If  the  Vertical  fenk  of  a  ^efinder  is 
mar^^oo^^^  level  below  the  tenth  and  Cra^  liheriader 
fails  to  stop  its  vertical  mdveriierit  dn_  iTcachin^  the 
marked  conuict,  it  will  continue  to  step  to  the  tenth 
level.  Although  no  call  has  been  originated  in  that 
level,  the  vertical  bank  contact  on  the  tenth  level  is  ^ 
permanently  grounded  (FO  1)  and  will  complete  the 
rotary  circuits.   -  : 

If,  diiririg  rotary  stepping  on  ariy  l<^^  j^htfdl 
bank  wipers  fail  to  seize  a  marked  contact,  or  if  rotary 
stepping  occurs  across  the  tenth  level  when  no  line  in 
that  level  is  marked,  the  wipers  will  be  stepped  to  the 
eleventh  ri^ry  position.  When  the  wipers  reach  this 
i^ve^  rotary  position,  a  carp  mounted  on  the  switch 


shaft  xiircctly  Under  the  rbuu^^t^^^^  dperatcs  the  cam 
switch  SW-4,  as  foldout  1  reveals.  When  ihc  (Stm 
swiich^opcratcs,  it  closes  a  circuit  from  the  GUARD,, 
iead  to  ground.  This  circuit  may  be  traced  from  the 
GUARD  LEADS  THROUGH  GONTAGTSJ  and  4 
of  SW-6,  and  through  contacts  1  and  2  of  SW-4  to 
ground.  Whcnjhc  GUARD  jcad  is^  MM  op- 
erates to  starts  series  of  relay  operations.' Notice  that 
relays  J3  and  D  are  hot  operated,  because  the  circuits 
to  Jhc^  ^§y*z2u?  J^?*pl^©<^  on^y  when  the  wipcre 
seize  the  marJced contacts.  Relays  D3,  F3,  and  A3,. and 
the  VpRT  MGT  or  RTY  MGT  may  or  may  riot  be  dp- 
erated,  deluding  upon  the  position  of  the  wipers 
when  failure  occurs^ 

Relay  N3  is  hcl^^df^rated  by  a  pound  rhultipled 
through  c»ntacts_2  and  3  of  Uiie  VON  switch  of  each 
iinefinder  in  its  group.  Each  time  relay  P3  operate,  it 
places  a  jcHzking  ground  on  relay  N3  tJhrough  contacts 
2B  and  3B^  LQcking  ground  is  actually  required  only 
when  the  operating  iinefrnder  is  the  last  of  its  group  to 
operate. 

When  the  jincfindef  starts  vertical  stepping^  its 
VON  switch  operates.  If  the  Hnefinder  is  the  last  of  its 
group  to  operate,  opcratibh  of  its  VON  switch 
removes  ground  potential  front  the  ATB  GND  l^d^ 
through  which  the  circuit.of  relay  N3  is  completedij^ 
The  locking  grouild  of  relay  N3v  hdwcyer,  holds  it 
operated  dniil  the  loop  has  been  extended  to 
selector  and  PSvhas  r^torcd.  When  relay  P3  restore 
it .  removes  the;  one  remaining  ground  from 
operating  circuit  of  jrelay  N3:  Thus,  it  restores, 
relay  N3  restore,  the  start  circuit  is  trans£^< 

relay  C3  o f  the  partner  grb up.    _  ;  _  _          _  _  _ 

As  soon  a$;,  the  loop  of  a  calling  telephor 
extended  to  the  first  selector,  ground  from 
lihefinder  cdhtrol  bank  contagi  is  appjied  oyer  the 
(control  normai)  trunk  wire  and.  through  thj^first 
selector  tojhc  connector  bank  contacts  of  tharsame 
telep^qnc-  This  ground  for  the  connector  is  kept  ihffire* 
by  V^^switch  in  the  train  as  the  loop  is  extended.  :if 
theSQii^^  telephone  is  called  ;^fter  the  loop  has  been 
epf^gd  to  the  firet^lectqr^  th^  grtDUndcd^ 
j^tftpH  bank  contact  sendB.-::^^ busy  'tone  to  *  ihe 
.tele^bnc  of  the  party  ca^^hg.  If  tK^<iaUihg  line  is  free, 
the  cut-through  relay  in  its  cdnneoter^ circuit  will 
operate  through  the  iCN  trarilT^re  to  the  6G0-ohm 
winding  of  the  Ijne  relay  of  the  caH&dstcl^hdne.  This 
operates  the  line  relay  and  prepares  the  called  line  for 
"8.  '  /         .  y 

exercises  (404):  ^BSiT; 

Complete  the^following  items  relative  to  Unefinder 
equipment  daring  release  and  transfer,  using  foldout  1 
as  necessary. 

I.  State  the  electrical  events  that  occur  in  the 
Hnefinder  equipment  when  the  calling  party  hangs  < 
up  the  phone. 


2.  What  switch  operates  and  what  resulting  aqtions 
occur  when  a  linefinder  Steps  to  the  clevienth 
rotary  step  on  any  vertical  level? 


3.  How  is  the  operating  ciTi:uit  of  relay  N3 
connected  through  the  VONS  of  each  linefinder 
in  a  group?  Why? 


4.  What  prevents  the  distributor  from  stepping  to  an 
idle  linefinder  when  the  next  linefinder  connected 
to  its  banks  is  busy  during  trouble  transfer?  Why? 


i«3.  Troubleshooting  the  Linefinder  j 

In  y o I umc  2  of  this  cd tirsc^  we  tai koJ  about  a/ 
troubieshooting  approach.  We  stop  at  this  point,  not  to 
grind  it  into  the  ground,  but  to  mention  that  we  are  ^ 
now  dealing  with  stepping  switches.  It  is  an 
unfortunate  fact  of  life  that  many^mechanicai  troubles 
appear  to  be  electrical  troubles.  This  happens  hot  just  ^ 
l^Jil^^J^ricnccd  tech  s^^  but  to  old 

heads  as  well:  What  was  discussed  in  Volume  2  is  still 
true.  Troubleshooting  must  be  systematic  arid  follow  a 
J^8^?%^L  course  if  it  is  going  to  be  quality 
troubleshooting  and  not  a  hit-or-miss  proposition.  A 
good  knowledge  of  how  the  equipfrient  works  arid  an 
analysis  of  the  symptoms  will  save  ihach  time  and- 
effort.  ' 

405.  Given  linefinder  eqaipment  trouble  symptoms 
and  «ising  the  schematic  diagrams  in  foldout  1* 
idehti^  the  fHTobable  causes  of  trouble  and  state  the 
corrective  action  for  each* 

_  _   _  •  _  _       .   _  -    _   _  _ 

Mechariical  troubles  mimicking  electrical  trouble  , 
areijHi  ag^-old  problem  and  will  f^robably  continue  to 
b^%nfortunatcly.,^  there  arc  no  particular  rules  tg>  help 
you.  It's  a  -Teel"  or  instiria  which  is  dcjelopcd 
through  experience.  Helical  springs  with  too  much 
tension  will  often  l«»d  yon  to  bclicyc  that  cither  the 
pmlsihg  relay  (normally  the  A  J"elay)  or  ihc_  h^^ 
relay  (normaiiy  the  B  relay)  is  not  working  prope^liy. 
The  double  dog  spring  with  insufficient  tcrisio ri  gives  a 
similar  respon^.  ^  

Since  one  mechanical  trouble  may  mimick  more 
than  one  electrical  trouble,  we  are  not  describing  this 
problem  in  depth.  Secondly^  we  must  lim[^  our 
coverage,  becauscsvyou  received  this  type  of 
information  in  the  r«i)tlent  course.  Therefore,  we  will 
drily  provide  ari  example  trdubl^  symptdiA  and 
identify  a  mechanical  defect  which  couid  cause  it. 

Assume  that  following  a  subscriber's  going  off- 
hook,  all  the  idle  linefinders  in  the  shelf  stepped,  one 
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thrline  relay.  ^Lobk 
Now,  find  lhc?^rou| 
Following  through  < 
relay  L  and  through  i 


at  a  time,  to  his  bank  appearance  and  remained 
'^pperated.  "NOTE:  This  hapjjei^  only  with  ^his 
subscribfcr's  telephone.  -^  ^ 

Your  quick  recall  should  identity  that  the  only 
|uipment  that  reL£^|^dir^tiy  with  this  telephone  is 
^at  Feldbut  I,  fincf  this  L  ricfayM^ 
itact  10  and  trace  from  it. 
attk  9  and  LO  and  3  and  4  of 
Jntac  ts  41ihd  5  of  relay  N3,  you 
arrive  at  the  wiifQing  off*  relay  C3.  You  shoujd 
remember  hcrc/ifiat  relay  C3  is  the  start  relay  for  the 
group  relays,  ind  a  group  relay's  function  is  to  stop  the 
vertical  stepping  of  the  lincfindcr  when  its  vertical 
wiper  engages  the  marked  vertical  bank  contact  of  the 
16vel  oh  which  the  calling  line  is  located. 

We  have  seen,  however;  that  all  of  the  linefmders 
stepped  to  his  marked  bank  and  remair^  operated. 
Which  com pbheht  through  whicli  ybii' tf'accd  marked 
the  bank  which  holds  these  linefmders  operated?  Yk, 
11  is  the  grounded  contacts  9  and  1^  of  the.  L  relaj. 
Thus,  if  ^eso^cdhtact^do  hot  open  properly  fo 
the  group  remy's  opcration,>they  couljd^ake  yoi 
a  group  r^y  is  at  fault.  Several  ^j^^gions 
preveqUh^  cbntacp  from  openird|flH^Mmp 
relay/Ck)es  not  operate  fully  ^henjHfHf  too  much 
resistance  or  too  little  current.  AlsoTdi^.or  shorted 
contacts  or  contact  spring  malady listment  6buld  be  the 
fSjiuit:  Again,  when  only  one  sut>scriber.'s  telephone  is 
affected,  the  most  probable  trouble  is  the  1,  relay. 
Inspect  and  test  it. 

Exercises  (405):  v 

QolnpJete  the  fqljowing  troublwhootm  problems, 
using  foidout  1  and. the  text  for  objectives  402  through 


404,  as  necessary^_Sia«  thre  probable  cause  for  each 
trouble  and  the  appropriate  corrective  action. 

1.  A  shelf  of  linefinders  will  hoi  step.  When  the"^- 
group, relays  are  checked,  it  is  found  that,  in  both 
grblip«,  relay  G3  operates  when  test  jacks  1  and_2 
are  started,  the  A3  relay  is  operated,  and  the  B3 
relay  functions  normally:  The  trpubie  is  in  one  of 

.   the  20  linefmder  switches  in  the  shelf.  ^  , 


2.  The  linefinders  steps  tp  the  calling  party s  bank 
appearance  (upper  bank)  and  releases:  The  next 

.  idle  linefinder  steps  to  the  same  bank  appearance 
and  does  riot  release.  N6  relay  contacts  in  the 
linefinder  are  at  fault.  Give  the  most  probable 
electrical  and  the^  most  probable  mechanical 
cafuses  of  trouble  and  how  to  correct  each. 


When  the  group  relays  for  group  A  of  a  given 
inefmder  shelf  a^e  in  use,  the  linefmders  release 
uririg  rotary  steppirij^' and  a  trouble  transfer 
occurs.  This  is  an  electrical  problem  due  to  a 
mechanical  adjiistnient: 


4.  The  A  group  rela^  have  trjinsfeired  al^iplls  to  the 
•   B  group  relaji^  but  tfic^sabscribers  for  vert i 
levels  six  and  lip  taairtdi  rAitiate  a  call. 
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CHAPTER  2 


Seloeter  Equipment 


EVERY  IMPORTANT  event  in  life  must  have,  a 
begin  n  ing  and  aii  end  *  Usual  ly  _bctwccn  the^  two 
positions  ihtrc  are  actions  that  are  not  too  obvious, 
but  that  are  equally  as  important  to  a  successful , 
cdmplctidri.  This  situation  J s  equally  true  in  a 
successful  connection  between  two  telephones.  The 
lifted  handset  operates  the  line  relay  of  the  central 
office  Jjqmpmcnt,  which  r^^  a  cdnnectidn, 

throuj^the  iinefinder,  to  the  first  selector.  Many 
things  miiSt^QCCiir  in  this  selector^unit  before  that  final 
connexion  is  made  which  permits  the  cidnversation  to 
pfdcc«d. 

2-t.  Selector  Types  and  Shelves 

You  have  learned  in  the  rwiderit  course  that  a 
^lectdr  is  a  two*motion  stepping  switch  used  to 
partially  a>mp1ete  the  connection  between  a  calling 
telephone,  which  haslwh  sciz^^  Uncfinder,  and  a 
called  teiq>hone.  it  is  generally  called  a  seminumericai 
type  switch,  because  it  stcj»  its  wipers  vertically  in 
r^pohse  to  th<  dial  i^ulMS  and  then  aUtomaticaj 
rotate' the  vipers  horizontally  in  search  of  an.^idle 
trunk. 


406.  Idenjify  telephone  switching  equipmehl 
selectors  and  relate  jn_  some  detail  how  they  are 
installed.  Use  figure  2^1  as  needed.. 

When  the  selector  finds  an  idle  trunk,,  it  disconnects 
its  own  control  rclaj^  _frdm  the  calling  line  and 
connects  that  tine  to  the  trunk,  so  that  the  puls^  of  the 
next  digit  dialed  will  operate  the  iiext  junit  in  the 
^itch  ttairi^This  unit  may  be  either  another  seleaor 
or  a  connector:  The  trunk  hunting  begins  right  after 
the  dial  has  stdpp^  momentarily  and  before  it  is 
9l*?^^^^or  the  next  digits  If  the  ^l_«:?or_do«  not  ^ 
an  idle  dunk  on  the  level  dialed,  it  rotata  its  wipers  to  > 
the  eleventh  position  of  that  level  and  returns  ah  ATB 
(aU  Winks  busy)  td^^  the  calling  telcphdnc  td 
indicate  that  all  trunks  on  that  level  are  in  use: 

Types  of  Selectors.  Selectors  are  generally 
cjassifiwl  acoDrding^  to  their  ^sition  in  the  switch 
train — firsts  lectors,  second  selectors,  or  incoming 
selectors.  The^  use  of  various  terms  to  describe 


.  selectors  does  not  always  mean  thajt  the  rejectors  ire 
different  in  any  wzy.  First  selectors  ai^d  second 
seicctors  in  the  same  central  office  may  be  thS^me  in 
all  mechanical  details.  Thcnrarc  tii^ 
you  may  need  to  include,  in  one  group  of  selectors, 
mechanical  or  circuit  functions  hot  included  in 
another  group.  For  example,  it  m^  to 
equip  the  fim  seleaors  of  a  military  dial  central  office 
with  mechanical  arid  circuit  arrangements  to  restrict 
certain  lines  from  callmg  dff  basc.^cond  selectors  in 
the  same  central  office  will  not  need  th<^  restricting 
feature  arid  wUl  thus  differ  somewhat  from  the  first 
seicctors  just  described. 

For  a  selector  to  pmvide  r^trictoi  scrvicc^t  must 
t>c  equipped  with  auxiliary  contact  springs.  Th  arc 
called  normal  post  springs:  They  are  mounted  oSjhe 
nonriai  post  arid  are  operated  by  a  carii  (ridrmaiybst 
cam),  which  mdy<s  vertically  with  the  switch  shaft: 
Teedi'on  the  cam  are  adjusted  to  operatcihe  normal 
post  spririgs  at  a  certain  level  or  levels.  Whenever  a 
first  ^elector  J^s  dialed  td  jhe  restricted  level,. _ the 
selector  wipers  rotate  horizontally  to  the__clcventh 
rotary  position,  and  the  selector  connects  ATB  tone  to 
the  J^lljng  line.  in  this  instance, 

indicates  a  service  restriction  rather  than  that  the  trunk 
is  busy.  • 

The  first  selectors  arc  those  that  come  right  after  the 
linefindcr  in  the  switch  train.  They  resfKlnd  to  the 
puls^  df  the  first  digit  of  th^  telephone  number  dialed 
and  usually  are  arranged  to  supply  dial  tone  to  the 
calling  telephone.  The  shelf  on  which  the  first  selectors 
are  mounted  is  equipped  and  wired  to  provide  dial 
tone.  The  wipers  of  the  first  scloct^_and_t^^ 
linefiridisrsarc  cdririected  to  shfelf  jack^jjhc  jac&~of^ 
each  linefinder  are  wired  directly  to  the  jacks  of  a 
selector,  forming  a  linefinder-selectdr  unit.  In 
telejihbhc  language,  this  arran  9^nne^L"8 
the  wipers  of  one  switch  to  the  wipers  of  another 
switch  is  calliMl  back-to-back  .wiring.  The  bank 
contacts  df  the  firet  se[cctdre  td  tjife Jacks  of 

the  second  selectors  or  connectors.  This  arrangement 
is  called  front-to-back  wiring. 

Central  offices  with  100-point  connectors  that 
serve  ^ore  than  100  lines  or  with  200- point 
connectors  that  serve  more  than  200  lines  normally 
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use  selectors  that  respond  to  the  first  digit  dialed: 
Ccritrali)ffices  thatserve  more  than  iOOD  lines  (4-digii 
numbers)  or  more  than  2000  lines  (5-digit  riurtibers) 
normally  Aise  second  selectors  in  addition  to  the  first 
sclectbr.  The  first  selector  is  controlled  by  the  first 
digit  dialed;  the  seasnd^lcctor,  by  the  second  digij 
dialed.  In  large  commercial  installations,  third 
selectors  are  also  of  ten  used. 

The  regular  first  sejector  that  we  shall  study  in  this 
chapter  contains  five  relays.  They  are  as  follows: 
A  ♦  Poising  (controUcd  by  the  diaO 
B  -  Holding  (holds  preceding  equipment) 
P  ■  T^^sfer  (from  vertical  stepping  to  rotary 

"         stepping)  " 

E  -  Auto- rotary  (steps  wipers  automatically) 
F  -  Cut-through  (cuts  the  calling  line  through  to 

the  next  switch) 
Selector  Shelves.  Selector  switches  and  their 
associated  equipment  are  installed/in  groups  of  10. 
Figure  2-1  shows  a*^ selector  slielf  arrangement. 
Accordingly,  there  are  two  bays^  separated  by  a 
distributing  terrhirial  assembly  (DTAX 

Gdd- numbered  bay  101  has  1 0  shelves  with  shelves 
B,  D»  F^  and  J  installed  close  to,  and_to  the  left  of, 
^'^^'^J^T^. -  Shelves  w  the  same  identification  in  the 
evcn-nambcred  bay  are  also  close  to  the  DTA  but  are 
to  its  right.  There  are  20  DTA  positions  to  serve  the 
2()0  s«Jcctor  switches.  You  should  remember  that  this 
E>TA  provides  terminals  for  the  bank  wiring  and  for 
cross-conn«ning  to  the  suceeding  switch  trunks.  This 
is  the  equipmcht  where  the  system  grading  is  provided. 


You  wiii  review  grading  later  in  Chapter  6  of  this 
volume. 

The  switch  groups  are  mounted   m  a  steel 
j^^rtibri  of  the  frame  in  which  each 
group. J3f  10  switches  is  mourned  is  called  a  switch 
^helf.  Each  selector  switch  is  equipped  with  a  switch 
J^^^J^^^^'^^y^  a  shelf  jack  assembly 

when  the^witch  is  mounted  in  its  normal  operating 
position.  This  arrangement  provides  a  handy means  of 
removing  and  replacing  the  individual  switches. 

I  : 

Exercises  (406): 

1.  Narrie  the  first  telephone  equipment  switch  that 
succeeds  the  linefinder  during  the  development  of 
a  telephone  connection. 


2.  Identify  the  types  of  telephone  equipment 
selectors. 


3.  To  how'  miany  dialed  digits  does  a  selector 
respond? 


Odd  Niimbered  Bmy 


DTA 


-Even  Numbered  Bay 
102 


Shelf  A 
1      thru  10 


Shelf  B 
11     thru  20 


POS  1 


POS  z 


Shelf  B 

20  *   11 


^helf  A 
10'    1 


Shelf  e 
2;    thru  30 


Shelf  D 
31     thru  40 


POS  7 


POS  S 


Shelf  X)  ^ 
40  31 


Shelf  C 
30      ....  21 


Shelf  £ 
41     thru  50 


Shelf  F 
51     thru  60" 


PCS  9 


.PS. 


POS  11 


POS  12 


Shelf  F 
60    51 


Shelf  E 
50      ....  41 


Shelf  Q 
61    thru  70 


Shie^lf  H 
71    thru  80 


POS  13 


POS  14 


POS  15 


POS  16 


f  SEfelf  H 
80    71 


Shelf  C 
70  61 


^  Shelf  J 
91     thru  100 


POS  17 


POS  IS 


POS  19 


POS  20 


Shelf  J 
iOO    91- 


Shelf. 1 
90    81 


Figure  2-1.  Selector  shelf  arrangement  on  bay  frame. 


SEIZURE 

A 


4.  What  Strowger  selector  component  and 
equipment  circuit  J>ermitis  connections  which 
restrict  service  to  certain  l^nes? 


VERHCAC  STEPPING  - 
1ST  BREAK  OF  PULSE  SPRINGS 


1st  MAKE  or  PULSE  SPRINGS 


IT 


2N0  BREAK 


(1? 


2740  MAKE 


r 


ROTARY  STTEPPING 


tr!^unk  hunting  /  I 

tNOTE_lf_THE  1ST  TRUNK  IS  tpLEjr 
THIS  SEQUENCE  WILL  NOT  OCCURS 


1 

VM 

t 


1  T 


CONTINOES  UWTlt  AN- 
•  IDLE  TRUNK  IS  FOUND 


IDLE  TRUWICSEIZUF 


/"Tx  SLOW  RELj^ASE 
S.V      PER  100 


0  s 


RELEASES 


Figure  2-2;  Selector  normal  operation  sequence. 


J  "         -  .    -  ■■ 
•5.  What  is  connected  to  the  ^lector  banks? 


6.  A  selector  bay  has  provfisions  for  how  many 
selector  switches? 


7.  Which  selector  bay  and  which  shelf  support  switch 
number  175?  ' 


2-2.  Selector  Circuit  Operation 

A  schematic  diagram  of  a  typical  sclcctbr  circuit  is 
shown  in  fqld^  ^15*^^^ 
diagram  represents  a  basic  first-  Or  second-selector 
circuity  depending  upon  the  pdsit^  of  the  elector  in 
the  switch  train.  When  uaxi  as  a  regular' (local)  first 
sciectofTTbc  cwcuit  connects  dial  tone  dirrcm_to__tlic 
callin^g  tclcfchcftc  through  the  grounded  DIAL  TONE 
and  GNDjcad  to  show  that  the  selector  has  been 
seized:  When  used  as  a  secopd  scleaof,  however  the 
circuit  tnismits  ho  dial  tone  current  to  the  calllhg 
telephone,  because  the 

connected  to_  ground  rather  than  through  the 
secondary  winding  of  a  dial  tone  ti^msfdrnl^r.  AJhrcc- 
wirc  trunk,  consisting  of  a  4-  line,  a  —  line,  and  a  G 
lead  from  a  preceding  «witch  in  the  switch  train,  is 
shown  on  the  left-hand  side  of  fojd^ 
actually  has  a  fourth  conductor  (not' shown),  the  EG 
(cxtTfr  control^  lead.  This  lead  is  used  to  prevent 
riestrictcd-scfvicc  tclbphon«  from  dialing  certain 
levels  on  the  ^irst  selcaor  banks. 

*tt7.  Using  figure  2-2  aiid  fdjdout  2  as  requir^, 
vsB^  the  selector  relays  operated  at  times  of  selector 
seizure.  ^ 

Seizure.  When  the  loop  of  the  calling  telephone  is 
extcnd«J  from  tfic  prcceedihg  switch  in  the  traiji 
(liticfHidef)  t  a  first  selector,  the  opgsrating  circuit  of 
seleaor  relay  A  is  completed.  It  is  through  this  circuit 
that  dial  tone,  induced  iri  the  secondiiy  win^ 
dial  tone  transfbnner,  is  connected  to  the  calling  line 
by  the  first  selector.  The  calling  telephone  user  thus 
hears  the  regular  steady  hum  of  the  dial  tone  right  after 
lifting  the  handset  frohi  the  cradle.  This  tone  signal, 
provided  only  by  the  first  selectors,  tells  the  user  that 
he  can  start  dialing.  Upon  receiving  the  dial  tone,  the 
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filing  party  pf*«eds  to  dial  .the  digits  of  the  desired  Whcii  the  first  digit  of  the  desired  telephone  number  is 

teicpiione  number.           .  dialed^  the  relays  in  the  selector  circuit  operate  in  the 

The  sequence  of  opcl^uoh  of  the  select is  given  in  ^  follpvvirig  sequence. ,                                        -  4^ 

fl^lu'e  2-2  and  the  following  paragraphs:  (1  )"ii^eiay  A  restores  and  redperates.in  response  to 

^jjy^  operates.  Pulsiri^elay  A  is  bridged  across  ithe  opening  and  closing  of  the  dial  pulse  sfjrings.  For 

the  ^tand  -  sides  of  the  tailing  line  loop  when  a  W  duration  of       fijrst  break  of  the  diai^coritacts, 

selector  is  seized  and  pulses  in  response  to  the  dial.  tS^lay  A  restores.^^  (unoperaied) 

Relay  A  operates  because  its  qpcratihg  circuit  is  position,  it  closes  the  operatirtg  circuit  of  transfer  relay 

completed  over  the  loop  thraugh  the  dial  of  the  calling  C^and  the  vertical  magnet  as  seen  in  figure  2-2.  Upon 

telephone  when  the  Idop  of  the  calling  telephone  is  resioring,  r^ay  A  also  opens  the  operating  circuit  of 

extended  (switched  through)  from  the  linefmder  to  the  relay  B. 

selector.  Qpcratipn^^^^        A  completes  the  operating  NOTE:  ^elay  B  docs  not  restore  when  its  operating 

'  circuit  of  holding  relay  B.  circuit  is  opeu^  by  relay  A,  because  its  slow  reteasing 

Reiuy  B  op^ram^^  action  mak«  it  stay  operated  during  th^  time  its 

.completes  (through  contracu  2  and  1)  a  puling  circuit  operating  circjiit  is  opeol-  This  slow  releasing  action  of 

for  the  future  bpcratibh  of  relay  C  and  the  vertical  t  relay  B  is  due  to  the'maghetic  effect  of  the  copper  slug 

magnet  in  scries:     /at  the  hcclpi*ece  end  of  its  core. 

Right  after  seizure  of  the  selector,  the  ground  on  the  ^> 
C  lead  holds  the  preceding  switch  (liircfindi^r) 

operated  during  the  time  the  selector  is  operating  and  -  iV.  RcJay  ^  operates  because  relay  A  restores 

,  until  the  holding  circuit  of  the  selector  is  extended  to  during  the  open  period  of  %p  first  pulse  to  close  the 

"  the  next  switch  in  the  train   (second  selector  or  operating  circuit  of  relay  C  Operation  of  relay  C 

connector).  The  ^elector  is  now  ready  to  respond  to  PArtLaJ^yj^mplacs  the  opcrat^^  ^ 

pulses  frdm  the  ^ial  of  the  calling  telephone.  notary  magnet  Operation  of  rilay  C  also  shunts 

relay  F  to  prevent  the  latter  from  pperating  duririg  the 


Exercises  (407): 

1.  Which  selector  relay  provides  dial  tone  to  the 
calling  telephone? 


Which  operated  selector  relay  connects  ground  to 
the  C  lead  to  hojd  the  linefmder  <lperated? 


3.  Which  selector  rc^y  pulses  during  the  dial 
operation?  -  ' 


408.  tJsii^  foidout  2's  selector  .schematic  diagram, 
identify  tlie  selector  equipment  or  actions  tliait 
provide  vertical  stepping. 

Vertical  Stepping.  When  2  dial  toh^s  heard,  the 
^jing  party  dials^the  dibits  of  the  -desir^  telephone 
number.  Operation  of  the  dial  causes  the  dial  pulse 
spring  contacts,  which  are.  ribrmally  in  the  closed 
position,^©  break  arid  make  in  rapid  successidti  as  the 
dial  returns  to/normai',  thus  opening  and  closing  the 
Calling  line  loop.  The  number  of  such  pulses,  or 
interruptions  in  current,  is  equal  to  the  number  dialed. 
Since  relay  A  is  connected  across  the  loop  of  :the 
calling  telephone,  it  restores  arid  rebperates  over  the 
loop  once  for  each  dial  pulse.  Thus,  If  the  digit  5  is 
diaiejj,  relay  A  restores ^nd  reoperates  five  times.,  . 

FirsT  vertical  step.  (Operated:  Relays  A  and  B.) 


ijlterVal  betweerj^the  dperatidn  of  the  VON  (vertical 
off-normal)  switch  (SW-I  j  and  operation  of  relay  E: 
This  is  the  first  of  three  shunts  on  relay  F,  The 
operation  of  relay  C  thus  provides  ground  oh  both 
sides  of  the  winding  of  relay  F,  which  is  held  in  its 
ribrriial  unbperated  position. 

1^  (3)  Verfical  magnet  o|«raics.  Sin^  the  vertical, 
magnet  has  its  winding  connected  in  series  with  the 
windirig  of  relay  C,  its  operating  circuit  is  completed  at 

Therefore,  the  vertical  magnet  operates  in  response  to 
the  first  dial  pulse.  Its  b|>eratibn  raises  the  selector 
shaft  one  vertical  step  on  the  ycrnaal  ratchet,  placing 
the'sh^  wipers  in  line  with  the  first  horizontal  row  of 
bank  con  tacts. 

(4)  VON  switc^  op^f^^^- the  switch  shatftjteps 
its  wipers  up  to  the  first  level  of  selector  hank  contacts 
iri  resporise^  to  the  fii^t  operatibri  of  the  vertical 
magnet,  the  VON  switch  SW- 1  operates  mechanically 
and  closes  its  normally  open  spring  eontacis.  Thus,  by 
the  tinie  the  shaft  h^  taken  its  first  step  upward, 
springs  2  and  4  have  made  contact  with  springs  1  and 
3.  Operation  of  the  VON  switch,  si^wn  in  foidout  2, 
completes  the  first  operating  circOTt  of  relay  E.  When 
the  VON  switch  operates,  it  also  a)hipletes  part  of  the 
operating  circuit  of  the  release  magnet.  A  circuit  is 
thus  prepared  for  the  opjeration  of  the  release  riiagriet. 
(This  permits  the  selector  to  be  released  at  any  time 
after  its  seizure,  when  relays  A  and  B  restore,  the  VON 
switch  has  operated,  arid  relgy  F  has  not  yet  operated. 
If  the  handset  is  replaced  on  the  cradle  of  the  calling 
telephone  just  before  the  wipers  of_  the  selector,  has 
seized  an  idle  trunk,  the  opening  of  the  loop  of  the 
calling  telephone  will  open  the  opiating  circuit  of 
relay  A.  Relay  A  will  then  restore  and  opens  the 
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operating  circuit  of  r^lay     thereby  relejisirig  relay  B. 
Release  of  relays  A  and  B  conrip] 
circuit  of  the' jeiease  magnet  to  ground  tHfough 
contacts  4T  any_5T  of  relay  F,  thus  operating,  the 
..release  magnet.  Ppcraiibn  of  the  release  mag^rt 
:  r6turns  the  switch  shaft  to  its  normal  position 

(5)  Relay  E  operates.  Relay  E  is  called  ah  auto- 
rotary  relay,  because  by  opening  and  closing Jx)ntact^ 

,  3  and  4,  it  interrupts  the  operating  circuit  of  the  rotary 
magnet.  Relay  E  pirates  first  when  its  initial 
bpcratihg  circuit  is  closed  through  ^ririg  contacts  3 
and  4  of  the  VGN  sw^ch  SW-I  (see  FO  2).  Wlien 
operated,  relay  E  iocks  Itself  in  the  operated  position 
by  closing  its  own  holding  circuit.  This  ho jding  d^ 
provides  an  alternate  path  to  ground  for  the  operating 
circuit  of  relay  E.  TTius,  when  relay  C  restores,  aftfifr 
the  last  pulse  of  the  first  digit^  arid 5>pcns  the  operating 
circuit  of  relay  E,  relay  E  is  held  operated.  Operation 
of  relay  E  also  partially  completes  the  opcrating.circuit 
of  thc_ rotary  magnet.  The  locking  of  relay  €  in  the 

^operated  position  makes  it  possible  to  complete  the 
operating  circuit  of  the  rotary  magnets  to  grbuhd  at 
relay  B  later^  whcn^rclay^C  restores.  When  relay  E 
operate,  it  also  closes  a  multiple  sfiuntio  relay  F.^A 
circuit,  extending  from  grbuhd  at  relay  F  thrbugl^the 
wiridihjg  of  relay  F  to  ground  at  relay  B,  is  thus 
established  to  prevent  completion  of  the  operating 
circuit  of  relay  F  at  this  time.  The  second  shunt  bri*thc 
winding  of  relay  F  bccuirs  while  the  first  shunt  is  still 
established:  Thus,  when  the  first  shunting,  grounji  is 
reiT|bved  front  relay  F  by  the  release  bf  relay  C  at  the 
^pd  o^f  vertical  stepping^,  the  second  shunt  keefK  F 
shunted:  The  second  shunt  of  relay  F  prevents  the  relay 
from  operating  durii^  the  interval  between  the  end  of 
vertical  stcppihg  and  the  beginning  of  rotary  stepping^ 
just  before  the  wipers  take  the  first  rotary  step  onto  the 
bank  contact  of  the  first  trunk  oh  the  dialed  bank  level. 

(6)  Relay  A  operates  after  thfe  first  P^iise:  At  the 
end  of  the  dial  pulse,  the  dial  contact^  close,  restoring 
the  dial  pulse  spring  cbritacts  to  their  nor m^  • 
ppsilions.^This  again  clos«  the^operating  circuit  of 
relay  A  to;  reoperaie  It  over  the  loop.  When  relay  A 
rebperates,  it  cbmpletcs  the  oj>erating  circuit  of  relay  B  - 
and  opens  thfe  operating  circuit  of  relay  C  and  the 
vertical  magnet.  This  aaion  is  also  Indicated  in  figure 

•  2-2.    _: 

(7)  Relay  <p  remains  operated:  Relay  B,  which  did 
not  restore  during  the  first  pulse  bccaus^S  of  its  slow 
releasing  actibh,  remains  operated,  since  its  operating 
circuit  is  complete  again: 

(8)  Relay.  C  remains  operated.  When  relay  A 
rcope rates  ^ter  the  first  dial  pulse,  relay  C,  which  is 
sipw  releasing,  holds  itself  operated  for  the  fraction  of 
a  second,  during  which  time  Its  operating  circuit  is  ^ 
open^  by  relay  A.   

(9)  Vertical  magnet  restores:  When  its  operating 
circuit  is  opened  by  the  restoration  of  relay  A.  the 
vertical  mj^et  restores.  > 

Addin&nai  verucal  ^r^ps/ (Operated:  Relays  A.  B,  C 
andjE,  and  the  VON  switch  SW- 1 .)  For  each  dial  pulse 


after  the  first,  relay  A  restores  during  the  open  period 
bf  the  dial  pulse  springs  and  reoperates  during  the 
closed  period  of  the  ^ial  pulse  springs.  The  moveable 
springs  (sometirhes  clilled  the  levei- spring  or  armatiirc* 
spring)  ot>elay  A  reacts  to  the  action  of  the  dial  palse 
springs.  Each  time  that  relay  A /estbres,  its  lever 
sp r i ng    re tu ms  to  i t&  hb  rma  1  u rib pHC^ated  pbs i  t ib  ri .  v- 
cjoscs  the  operating  circuit  of  the  vertical  magnet  ^ 
through  the  winding  of  _relay  C,  and  opens  the 
operating  circuit  of  relay  B.  Wheri  A  rebjjeraites,  the 
operating  circuits  of  relay  C  and  the  vertical  magnet 
are  opened,  and_vtHe  operating  circuit  of  relay  B  is 
closed   agairi.   The   vertical  nlagrici  operates  arid 
releases  each  time  the  armature  spring  of*J^  relay 
breiks  and  makes,  which,  in  turn,  was  activited  by  the 
dial  pulse  spnrigir  of  the  callirig  tcle^^ 
operation  of  the  vertical  magnet  raises  the  shaft  and 
the  wipers  one  vertical  step.  The  wipers  are  thus  lifted  ' 
step  by  step  up  tb  the  bank  leyel^bf  the  di^it  dialc^^ 
example,  if  4  is  the  first  digit  dialed,  the  vertical 
magnet  operates. four  tlm^,  ancj  the  wipers  are  raised 
tb  the  foiirth  level  of  bank  contacts.  The  dialing  of  0  as. 
the  first  digit  (6  being  an  abbreviation  fqr  10  on  a  dial 
number  plate)  operates  the  verticaF  rnagnctMO  limes, 
raisirig  the  shaft  and  wipers  to  the  tenth  or  top  row  of 
bank  contacts:  The  VON  switch  SW- 1,  however,  is 
operatwi  mechanically  during  the  fel  Vertical ^tep  bf 
the  shaft  arid  remairis  iri  the'dpcrated  position  until  the 
shaft  returns  to  ntjrmal  when  the  call  is  ended.  Relays 
B  arid  C  db  riot  rcstbfe  duripg  the  gij^sing  pcfiod  wheri 
th c i  r  J^peci iye  ^pera ti  rig  d rcu its^  ar c  b pc ried  by  th^ 
action  of  the  armature  spring  of  relay  fi^.  The  slug  on 
th2  hcclpiiece  erid  bf  the  cbils  bf  these  relays  enable 
them  to  remain' ojjcrated  short  period  of  tirhe 

they  are  disconnected.from  ground  at  re\^  F,  Two 
exceptioris  are.th^?  VON  switch  SW^I  arid  relay  C. 
jMiiclv^bperatc_  during  the  first^^enical  step.  The 
ence^f  operation  for  th6  sel^for  on':each  step 
irst  is  identical  with  that  bf  the  first  vertical  » 
reaching  the  dialed  bank  level,  the  shaft 
ami  v^&ffiyare  reaSy  for  automatic  rotation  across  the 
selecteaN«/w  bf  bank  contacts  in  search  of  an  idle 
trunk:  /  -  - 

Exercises  (408): 

1.  Identify  the  operated  selector  relays  during  the 
first  break  of  the  dial  pulse  springs.    ^  . 

•  A-  •  

2.  What  prevents  relay  F  in  the  Strowger  selector  \ 
arcuit  from  operatirig? 

'  '  ■  v-'  ..■ 

3..  Is  the  Strbwger  switch  "stepped*'  by  mechanical  or 
electrical  actions,  or  both? 


stei 
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409.  Lisiiig  fblddiit  2's  selector  schematic  diagram 
anid^  figure  2-2  as  necessary,  give  the  selector 
components  or  actions  that  provide  roiarv  stepping. 

Rplary  Stepping.  After  all  of  the  pulses  of  the  finsi 
digitS^^jch  '  cbriiml  ^ertical^  stepping  have  h^eii 
reccive&^"J*ihe  dial  hB\reiume5  to  normal,  the  dial 
pulse  springs  come  to  r^i  in -the  normal  closed 
pdsitibh.*Re]ay  A,  therefore,  redgerates  and  remains 
operated:  The  selector  is  now  rcad^  tor  automatic 
rotary  stepping. 

First  rotary  step.  (Operated:  RcJaySiA^  B,  C,  and  E, 
and  the  VON  ^tch  SW- 1:)  The  sequence  of  rotary 
operation  of  tfee  scfcctor  is  as  follows:" 

(1 )  Since  relay  Ayemmns  operated  over  the  calling 
iine  loop,  it  holds  relay  B  operated 
_  '  (2)  Relay  C  rcstbres.  Look  again  at  text  figure  2-.2. 
Relay  A  ojxins  the  offer at4rig^d  relay  C.  Ffelay 

C  remains  operated  during  its  slow  release  period  and 
.  then  restores.  Once  pulsing  has  ceased,  relay  C^cstores 
despite  ^hc  delay  caused  by  its  heelpiece  ^slug.  With 

•  relay  E  Still  locked  in  the  operated  position, ihe  release 
of  r^elay  C  cpmplct«  the  operating  circuit  of  the  rotary 

•  magnet.  Release  of  relays  Co  p^slhe  initial  operating 
circuit  of  relay  E  by  opening  its  contact  1  and.  3  .  When 
relay  C  r«tbrcs,iit  also  removes  the  first  shunt  from 
the  windiril;  of  fe[ay  F.  AUhbugh  the  first  shunt  is^ 
disconnected  from  /its  winding,  relay  T  is  still 
prevented  from  operating^' the  second  shunt  on  its 
winding.         .    \  _     

(3)  Rojtary  ^nagnet  operates:  When,  its  op«^aiing 
circuit  I&,  completed  by  the  release  of  relay  C,  the 
rotary  rriagriet  d]^rat«.  The  operation  of  the  rotary 
magnet  rotates  the  shaft  and  its  wipers  one  step  from 
their^position  outside  the  dialed  bank  levcttb  the  first 
set  of  bank  _ Jcbritacts.  The  totary  magpnet,  when 
operated,  open$  the  holding  circuit  of, relay  JE  by 
opening  the  hb rmally  closed  rotvy  iriterrupSfe  springs 
(SW-2)  through  which  tht  locking  circuit  of^relay  E 
was  completed. 

(4)  RELAY^E  r«tprcs/Whcn  the  rotary  maghet 
operates  and  opens  the  holding  cirojit  ""elay  E,  relay 
E  restore;  TJie  initiaropcrati^ig  circuit  of  relay  E  was 
opened  after  the  last  dial  pufee  when  relay  C  restored. 
Fbl lowing  release,  relay  E  opens  ite-t»ntacts  3 jji(J  4, 
opening  the  operating  circuit  of  the  rotary  magnet.  In 
the  remainder  of  our  discussibh,  the  action  of  relay  E 

-  depends  upon^whether  the  C  wiper  miikes  contact  with 
a  busy,  (grounded)  or  idle  trunk. 

(5)  Rotary  magnet  r^tores.  After  restoring,  the 
rotary  rriagriet  causes  the"  rot^  iO^J^^TyP^^'"  spj^ngs  to 
return  to  their  normally  closed  position. 

Trunk  hunting,  {Operated:  Relays  A,  B,  and  E,  and 
the  VON  switcR  SW-l.)  'Trunk  hunting'* ?:is  the 
automatic  action  of  a  rotary  magnet  in  stepping  the 
wipers  over  each  set  orcontacts  on  the  dialed  jpmk 
ievei:  Hunting  continues  until  the  wipers  c^e  in 
contact  with  an  idle  trunk  or  until  they  are  stepped  off 


the  bank  at  the  el^vemh  rotar>  step,  when  ail  the 
trunks  are  busy.^Thisi^  Totary  stepping  action  is 
altutmatic  arid  deperids  qri  each  contrb^^^ 
engaged  by  the  C  wiper;  Keep  in  mind  that  the  control 
Bank  contacts  of  each  group  of  selectbrs  are  connected 
iri  . multiple  iri  the  same  v/^ 

multiplied;  that  is,  control  bank  contact  1 1  on  each  of 
the,other  selector  contrpl  banks.  For  examj31e,  when  a 
'  selector  seizes  trurtk  l_l_,_it_\rilakes  the  trunk  busy  by 
connecting  grdund  to  control  bank  contact  1 1 .  Sinjce 
the  control  banks  are  cbnnccie^^^  J  J 

.  will      riTarked  busy  by  all  t&  s^^  ^^^^  Sf^^P 

.  As  the  wipers  are  rotated  across  any  row  b£  control 
bank  contacts,  they  test  each  trunk  in  that  row, 
stepping  by  each  g-burided  pn  busy  trunk  until  they 
come  to  rest  on  an  idle  trunk\or  step  off  the  bank. 
When  the  first  trunk  is  busy,  gfcurid  bn  the  C  wip^r^ 
puts  a  third  shuni^^on  the^windiSig  of  rel^  before 
relay  E,  in  restoring,  removes  tBp -second,  shunt.  .The 
tHird  shtint  is  removed  from  rela*  F  only  wheri  the  C 
wiper  is  stepped  off  thc^busy  t^^nk^_ReIa/  F  is  thus 
prevented  from  operating  as  long  3f  the  G  wiper  finds 
ground  on  the  cotitrol  bank.  Ground  bri  ihe  C  wiper 
alsb.eriabl^  the  rotary  magnct.-^hicb  restbrcs  afterthe 
first  rotary  step,  to  complete  the  ^cond  operating 
circuit  of  relay  E.         '  \  ^ 

The  sequence  ,  for  the  jiutodiatic  tkunk  hunting  is 
^  shown  in  figure  2-^  ana  outlined  in^  the  following* 
paragraphs: 

_  XU  _^?L^y  E  rcjoperates:  Relay  E  rc^rates  upo^ 
cjt'mpietion  of  ilts  second  ojs^erating  circiiit^  which  is 
completed  froriTrgrburid  bri  the  C  wipck  Wheri  the 
relay  operates,  it  recloses  its' own  holding  circuit.  The 
operation -of  relay  E  also  closes  its  coritacfc  3  and  4, 
yvhrch  again  op riipletes  the  bperatjn£  circ^^ 
rotary  magn§i.  Contacts  i  and  2  of  jclay  E  afeaih  close  ' 


the  ^eciond  shiigt  on  relay  F.  This  second  ^hunt  ori 
relay  ^  was  ccnfipletcd  .when  rclay^  ^>ti^i  _^P?*?^^ 
during  vertical  stepping:  it  is  completed  at  this  *]^int  in 
the  v^^y  stepping  sequence  to  prevent  relay  ^  frpm 
operamig  wheri  its  third  shunt  is  removed  during  the 
time  tot  liie  C  wipcnhas  broken  contact  wiijii  the 
grounded  bank  (xJntad  of  a  busy  trunk  and  is 
adj^ncirig  tb  tijie'ricxt  contact. 

'  (2)  Rotary  rriagriet  J'eopcratcs^  Sirice  the  oj^raSng 
circuit  is  again  completecj  through  contacts  3  and  AW 
Yelay^,  wfiich  controls  its  circuity  the  rotary  magrri:t 
rebperates  and  again  steps  the  shaft  arid  its  w j|;NC rs  t^ 
the  next  set  of  bank  contacts,  that  js,  to  the  bani< 
contacts  of  the  second  trunk  on  the  dialed  level.: 
Reppefatiorv  >pf  the  rotary  magiiet,  A'l  J^yii  Pf^i^i 
contacts  1  aiW  2  of  SW-2,  opening  bQtl\  the  second 
operating  and  the  Ibcking  circuits  of  relaj^  E. 

(3)  Rela^  E^  r<^tor<».  When  its  operating  •arid 
locking  circuits  are  opened  by  SVt^  duf4rig 
reoperation  of  the  rotary  magnet,  relay  E  once  again 
restores  and  opens  the  circuit  over  which  the  rotary 
magnets  operate.,  *  . 
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(4)  Rotary  magnet  r«torcs:  When  its  operating  ^ 
circuit  is  interrupted  at  contacts  3  and  4     relay  E;  the 
rotary  magrict  restores. 

(5)  Second  trunk  busy.  If  thjp  second  trunk  is  busy; 
the  C  wiper  will  find  ground  at  the  second  control 
bank  cdhtactand  again  complete  the  se(:ohd  bp^ 
circuit  ol  reiay  E,  jvhich  connects  the  third  shuitN to 
prevent  relay  F  from  operating.  Thus,  relay  E  and  the 
rotary  magnet  coritiriuc  to  iritcfrupt  'each  .other's 
circuits  to  operate  these  relays,  advancing  th&  wipei^ 
step  by  step  over  the  contacts  of  each  busy  trunk'bn  the 
dialed  level.  This  action  between  relay  E  arid  the 
rotary  ma^^t  and  the  stepping  of  the  wi^rs  over  the 
bant  contacts  oficach  busy  trunk  botli  Q^nti'nuc^ 
the  C  wipers  reach^thc  control  bsmk  cgrtteict  of  ar^idlc 
tfunk,  or  until  the  wipmare  stepped  orRhe  bank  aft^r 
finding  all  10  trunks  \)n  the  level  busy.  Relay  F, 
moreover,  remains  shurite<^arid  cannot  o^ieratc  as  long 
as  the  C  wiper  finds  ground  on  Ac  control  bank 
contact  of  an  idle  trunk  or  until  the  wipers  reach  the 
eleventh  rotary  step. 

Exercises  (409): 

1.  Njijne  the  component  which  through  nlagnetic 
^attraction  moves  a  shaft  and  wipers  horizontally 
over  a  bank  of  contacts. 


What  connecting  action  (arrangement)  provides 
that  ail  associated  selector  contacts  have  the  same 
electrical  condit^ri  for  the  moving  wipers? 


3.  Identify  the  ^o  selector  C9mponents  which 
operate  altemrely  to  move  the  switch  wipers 
horizontally  over  the  bank  contacts. 

\ 
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4iO.  Using  foidout  2's  selector  schematic  diagram, 
name  the  selector  devices  or  actions  that  seize  an 
Idle  trunlL. 

Idle  Think  Seizure.  (OpCEated:  Relay?  A  and  B. 
and  the  VON  switch  SW-K)  When  the  _4-  and  -  line 
wipers  arc  stepped  to  the  line  bank  contacts  of  the  first 
idle  trunk  oh  the  dialed  level,  thcite  wiper  will  be 
stepped  to  the  iSle  control  bank  comet  of  the  same 
trunk.  The  afeence  of  ground  on  the  control  bank 
contact  found  by  the  C  wi|^r  prevents  the  completion 
of  a  second  smning  cirduit_for_thc  rTOpcfaUona 
E,  which_rcstored  when  th<r  rotary  magnet  last 
operated.  This  ungrounded  cdridition  of  the  C  lead  of 
an  idle  trunk  prevents  funhcr  rotary  stepping.  In 
addition,  when  relay  E  restores,  it  will  remove  the 
^^cbnd  shunt  from  relay  Ps  winding.  Since  there  is  no 
ground  on  the  C  wiper  then,  the  third  shunt  of  relay  F 


I  is  ('^pen.  When  the  C  wiper  sieizes  aWitlle  trunk,  the  jast 
of  t^e  shunts  of  relay  F  is  removed,  ijllbwing  relay  F  to 
operate.^ Thi?  cut-ihi-ough  operation  takes  place  in  the 
following  sequence:  Z 

Relay^  F  operates.  Since  the  function  of  relay. F  is  to 
switch  the  loop  of  the  calling  telephone  from  the  first 
selector  through  to  the  next  switch  in  the  train,  it  is 
called  ^he  cut-through  relay.  During  vertical  and 
•  rotary  'Stepping,  relay  remains  shunted:  first,  from 
ground  at  relay  B  back  to  the  same  ^un^  at  rela>^B 
^  (when  relay  C  operated  during  the  first  vertical  step); 
second,  from  ground  at  relay  B  to  ground  at  Contacts 
4T  and  5T  of  relay  F  (wlien  the  VON  switch  operated 
duritxg  the  first  vertical  step);  and  third,  from  ground 
at  relay  B  to  gfourid  at  the  C  wiper  each  time  the  wiper 
foand  a  busy  trunk;  Each  of 'the  thr«  shunts 
overlapped,  so  that  when  one  was  removed,  another 
remained  on  the  winding  of  relay  F  to  prevent 
^completion  of  its  opcratii^  circuit;  Thus,  when  the 
first  shunt  of  relay  F  was  open<ii  while  C  relay  was 
releasing  at  the  end  of  vertical  stepping,  the  second 
shunt  took  its  place;  When  the  second  shunt  was 
"'opened  each  time  relay  E  was  r«torcd,  the  third  shunt 
stopped  relay  F  from  operating.  With  the  release  of 
relay  E  and  the  connecting  to  an  idle  trunk  by  the  C 
wiper,  the  operating  circuit  for  relay  F  is  now 
90't>Pl^ted.  A  circuit  ^fo  is  also  complietcd, 

sinc^  the  ttvo  relaj^  are  connected  in  scriw:  Because  of 
the  way  they  are  made,  relay  F  will  operate,  but  relay 'E 
ill         P^ra^^  whe n  they  are  con nected  i n  series. 
Relay  F  has  a  high  resistance  winding  (1  SOO-ohm)  and 
is  designed  to  operate  dh  a  small  ainount  of  current, 
^^'^>L_E  l^^_^_lo^^J^LS^cc  winding  (21 0-bhm)  arid 
requires  a  large  amount  of  current  to  operate:  When 
the  relays  are  eg h nected  in  serijK,  the  total  r^istahce 
of  the  two  wjiuimg^  will  riot  allow  cribugh  cufferit  to 
flow  to  operate  r^elay  E,  but  enough  current  will  fio>v 
to  operate  relay  F.  Relay  F  dpcried  its  grounded  break 
CO  n  tacts  4T  and  5  T  and  i^  three  sets  of  break  -  befo  re- 
make contacts,  disconnecting  the  +  and      leads  of 
the  ihcdmihg  trunk  from  the  two  windings  of  relay  A 
and  ccjpinecting  4-,     and  C  leads  to  the    ,  — ,  arid  C 
Pipers.  This  opens  the  opcrating^circuit  of  relay  A  and 
the  grdurided  contacts  of  relay  F.  The  4^  and  —  leads  ^ 
are  extended  to  the  leads  of  the  oiugoirig  trunk  le^ing 
to  the  next  switch  in  the  switch  train  (second  selector 
or  connector).  Rela^  F  connects  the  C  le^d  df  the 
selector  to  the  C  l^d  of  the  outgoing  trunk  from  the 
selector  banks  to  the  next  switch  in  the  train,  so  that 
the  next  switch  niay.returri  a  multiple  ground  to  hold 
relay  F  and  the  entire  switch  train  operated  after  relay 
B  restores.  When  relay  F  operates,  its  5T  and.  4T 
(X)nta(ns  open  arid  disc^        ground  from  part  of  the 
incomplete  operaiipg  circuit  for  the  release  ma^et, 
thus  preventing  the  release  of  the  selector  after  relay  B 
restbt^.  TTic  calling  telej)hbne  loop  is  thus  extended 
through  the  first  selector  to  the  next  switch  in  the  train, 
completing  the  operating  circuit  of  relay  A  of  the  next 
switch. 
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Relay  A  of  the  first  selector  restores.  After  relay  F 
ojjeratcs  and  opens  the  operaiing  pircuit  of  relay  A  at 
contacts  I  B,  2B,  4B,  and  5B,  relay  A  restores,  opening 
thc  operating  circuit  of  relay  B; 

Relay  B  restores.  Although  its\operating  circuit  is 
^P^"®^  ^^"^^_^_P«>>nts.  first,  by  the  opening  of  contacts 
4T  and  5T  of  relay  F,  and  a  fraction  of  a  second  later,, 
by  the  opening  of  epntacts  2  and  3  of  relay  A.  relay  B 
^5^^^        "^"^s^o^^^f^  it  is  slow  to 

relcasc._Reiay  B  remains  operated  and  keeps  ground 
9"  the  9  lead  long  enough  to  allow  relay  B  of  the  next 
^^i^^^  '".^^.^i^*^^  operate  and  place  a  multiple 
grpund  on  the  C  lead:  This  multiple  ground  on  the  C 
lead  prevents  the  switches  which  have  already  been 
J^*"^?^  released  when  relay  B  of  the  first 

selector  restores. 

Relay  A  of  the  next  switch  operates,  ^iicr  relay  F 
9P^^'^^?^  U  switches  the  ^  .  — ,  and  C  leads  of  the 
incoming  trunk  through  to  the  matching  and  C 

leads  of  the  idle  trunk  to  the  next  switch  in  the  train: 
^_^!?y  ^i^f  Jhe  next  switc  now  operates  over  me  loop 
of  the  calling  telephone: 

Relay  B  of  the  next  switch  operates.  Relay  B  of  the 
^^il?^  ^^l^^/oijow^^^  selector  operates  upon 

completion  of  its  operating  circuit  by  relay  A  of  that 
switch.  When  relay  B  of  the  next  switch  t)pcrates,  it 
Connects  ground  jo  th^^^  lead.  The  ground  is  applied 
to  the  C  lead  before  slow- releasing  relay  B  df  the  first 
selector  has  hacl  time  to  restore  and  to  remoy^its  own 
ground  from  the  C  load.  The  two  groundsjprovlde  a 
safety  margin  which  prevents  the  accidental  j'elea^e  of 
the  switch^  during  connection  between  thejjSfst 
selector  and  the  next  switch  in  the  train.  This  mMhod 
of  having  a  safety  ground  and  extending  hdldij/g  and 
'  guarding  circuits  from  one  switch  to  the  next^  is  the 
basic  principle  of  step- by-step  automatic  switching. 

Relay  B  of  the  first  seleaor  restores  After  a  delay 
iMScause  df  its  sldw  releasing  action,  relay  B  of  the  first  ^ 
selector  restorK  and  disoDnn^ts  ground  frojn  the  C 
lead  by  openingits  contacts  4  and  5.,  At  this  time  m  the 
sisquehce,  the  C  lead  remains  grounded  through  the 
contacts  of  relay  B  of  the  next  switch:  When  relay  B 
restores,  it  {>artially  completes  a  circuit  for  operation 
of  the  release  ma^et  thrdugh  contacts  2  and  1  of  the 
yON  switch  SW-1,  through  contacts- 1  and  2  of  relay 
B^  and  through  contacts  1  and  2  of  relay  A  to  contact 
?_T  dX_rclay  F.  TTiis  circuit  is  completed  td  grdurid 
throu^  contaa  5T  wlidn  relay  F  r«tor«.  The  release 
of  relay  B  further*  opens  the  incomplete  operating 
circuit  of  the  vcrtjcal  m  (b>L9g^JhE_cont^^^ 
and  3),  the  incomplete  circuit  to  the  rotary  magnet  (by 
opening  contacts  4  and  5),  and  the  first  operating 
circiiit  df  relay  F  (by  opening  contacts  4  arid  5). 

Relcnif  F  remains  operated.  Before  relay  B  r«torcs 
and  remoye^_gdUndjTom  thc^^^  operating  circuit  of 
relay  F,  ground  is  connected  to  the  6  lead  by^relay  B  of 
the  next  switch  in  the  tr^in.  When  relay  F  dperates 
after  the  first  idle  trunk  is  seized,  it  extends  [ts^wn 
holding  circuit  to  relay  B  of  the  next  switch  in  the  train  ^ 


by  switching  the  G  lead  through  to  the  C  wiper  resting 
on  the  firist  lingrduhded  cdhtrdi  bank  contact  df  the 
dialed  level.  Relay  F  is  now  held  operated  by  grciund 
at  relay,  iB  of  the  next  switch  when  the  ground  of  its  first 
dperatihg  circuit  iis  remdved  by  relay  B  of  ,the  first 
selector. 

NOTE:  Relay  F  is  now  the  only  operated  relay  in 
the  first  selector. 

The  ioQg^of  ^he  calling  leiephone  is  now  connected 
td  the  next  switch  in  the  train,  arid  the  calling^ 
teieptione  obtains  current  from  relay  A  of  that  switch. 
Relay  F  remains  operated  for  the  Icn;^  of  the  call  to 
prevcrit  the  switch  fi^orii  releasing.  Thc^cxt  switch  iri 
the  train  is,  therefore,  free  to  operate  and  to  extend  the 
loop  to  a  following  connector  if  the  next  switch  is  a 
sc^pd  selector ,  dr  to  the  called  telephone  if  the  next 
switch  is  a  <5onnector: 

-j 

Exercises  (410): 
1 .  Identify  the  line  bank  contacts. 


2.  Name  the  wif>er  that  touches  the  idle  control  bank 
contact  to  seize  a  trunk. 


3.  Name  the  selector  relay  that  con riects  the  .loop  of 
the  calling  telephone  to  the  subsequent  switch: 


4.  What  circuit  faaor  limits  the  c^urrent  in  the 
cdmponcrits?  "  *  ^ 


5:  Name  the  Strowger  selector  relay  that  remains 
operated  for  the  deration  of  the  tetephone 
conversation. 


411.  Using^  fpldbiit  2's  selector  schematic  diagram 
and  fi^re  2-3^as  required,  sp<k:ij^  the  coitipdifeifts  or 
the  circuit  actidns  that  release  the  telephone 
eqtiipmeiit  fbllowihg  cbnipletibn  of  a  call. 

.Circuit  Release  Followijig.  a  Completed  Call. 

(Operated:  Rel^y  F  arid  the^  VON  switch.)  Wheri  the 
handset  is  repladsl,  the  loop  of  the  calling  telephone  is 
operated  at  th6i  cradle  switch,  thus  opening-  the 
dperating  circuit  W  the  cdririector  relay  A. 

Relay  A  of  the  \p>nneaor  restores.  When  relay  A  of 
the  connector  (thellast  switch  in  the  train)  restores,  it 
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BOTH  PARTIES  HANG  OP 


Figure  2-5.  Selector  riormal  release  sequende. 


opens  the  operating  circuit  of  relay  B  of  that  same 
switch.  ^   

Retay  B  of conneaor  r^wm.  Relay  B  of  the 
connector,  after  a  fraction  of  a  second's  delay, 
^«tpr«,  and  iri  so  doing,  rrmov^^dund  from  jhe  C 
lead.  Removal  of  ground  f^^  the  C  leac^^  opc^^  the 
operating  circuit  to  relay  F  of  the  selector. 

Relay  F  of  the  elector  restores  (see  fig.^  ^^M^^*^? 
ground_isj^mdv«l  from  the  C  lead,  relay  F  restores 
and  performs  the  following  functions: 

y^pjsc^nriccte^^^^  and  C  l*?^  o|  the 

incoi^g  trunks  from  the  4-,  —  ,^d  G  Icads^-thc^ 
outgoing  tnil!k  to  the  dbrihector.  Removal  qf^bund 
from  the  C  IjwUl  ajso  ncl^Lsc^  Kj^findfeF. 

(2)  Closes  the  operating  circuit  of  thJSsreleasc 

Release  nm  When  Us  operatirig^  circuit 

ts  completed  to  ground  at  relay  F  by  the  Tcle^se  6t 
\jrclay  F,  the  rel^se  niaghct  ojxsratcs.  As  4!he  rclea|ic 
magjict  anracts^  armature,  tht  armature,  strike  the', 
double  detent,  moving  both  the  vertical  and  rotir^; 
detents  away  from  the  vertical  and  rotary  ratchets.  Thts  --j^ 
perniits  the  helical  spring  to  rotate  the  shaft  awa^  f^o^^ 
tec  bank  level  to  lis  rotary;  position  one  step  off  tp  ? 
^ahk  level,  dius  movirig  the  wipera^^  t>2Sl^' 
contacts  and  the  vertical  ratchet  of  the  sfiaft  hub  from 
the  stationary  detent.  Since  the  shaft  is  rid  ldh|pr 
supported  by  the  stationary  dctcnvjt  drops  tO  jj'ts 
'  normal  position:  As  the  shaft-  returns  to  its  vertical 
position,  it  r«tor«  the  VON  switch  SW-l.  Release  of 
relay  F  _al^domj)lctes  the  operadn|[  circuit  of  the  i 
release  alarm,  which  is  in  series  with,  the  release  ^ 
magnet.  This  action  provides  ah  alarm  if  the  selector 
fails  to  rcle^. 

yONswmt  restores.  The  VON  switch,  SW- 1  ^  which  _ 
was  operated  mechanically  as  the  shaft  was  rai^  to 
thi  rirst_ vertical  step,  remains  in  the  operated  position 
until  the  shaft  returns  to  normaL  As  the  shaft  drops,  its 
weight  is  again  placed  dh  the  pff^nonnal  level,  which 
normally  holds  the  movable  ^prtrygi  of  the  VON  switch 
scparated  from  its  fixed  springs.  The  operating  circuits 
of  the  release  magnet  and  the  release  alai^  rcla^^^ 
opened  at  contacts  1  and  2  of  the  VON  switch.  These  ^ 


coatacts  arc  held  open  when  the  shaft  is  in  its  rtornial 
(uridpcraicd)  |y^iti6ri. 

Release  nidgnei  restores.  After  its;  operating  circuit  is 
opened  at  the  VON  switch,  the  release  magnet 
restores.  The  selector  is  now  released  from  all  trunks 
arid  is  ready  id  be  seized  tor  another  call. 

Exercises  (411): 
I.  Name  the;  first  relay; to  operate  in  the  Strowger 
connector  circuit. 


2.  Ide|itify  the  trunk  lead  and  potential  that  holds 
selector  relay  F  operated. 


3.  Stktc^  the  dpcratidnai  s^uence  for  Strowger 
selector,  connector,  and  linefinder  when  a  call  is 
developing. 


4.  Namjc  the  mechanical  dcvicc(s)  of 
switch  which  holds  the  shaft  in  pdsi 
conversation  is  in  progress. 


trowger 
while  a 


4i2«  Using  foidbtit  2*s  selector  schematic  dlatgraih, 
isoiate  all  comgdnciit  actions  that 

Indicate  ttBit  all  trunks  are  bm^  ^ 

_  _     _'   _    _  .  -  .^  ^ 

A\\  Trunks  Bisy  (ATBk  XOperat^:  Relays  A  and 
and  the  VON  switch.)  If  the  selector  'C^ipers,  in 
-^untirij  for  an  idjc  tnink  dn  the  diai^  level,  find  ail 
trunks  busy,  they  are  stepped  autofhatlcally  off  the 
|Dk  to  the  eleventh  rotary  pwsitidri.  Ifthere  are  fewer 
Jan  l  O^utgding  trtinks  from  the  selector  bank  ievcl, 
She  vacant  cojitacts  are  grounded  at  the  control  bank  to 
permit  the  wipers  tqstep  past  them.  As  the  switchsh^ 
rotates  its  wipers  off  the  tenth  set  of  contacts  on  the 
seleaed  bank  level  to  the  off-bank  position,  a  cam 
clamfMxi  dri  the  lower  part  of  the  sh^  'Il<^^i5?|can^ 
operates  the  cahi  springs  (SW-3),  which  are  mounted 
oh  the  selector  frame.  During  operation,  contact  2 
,  breaks  with  cdritact  I ,  _cp_"^^  ? 
contact  5  before  contact  5  breaks  with  contact  4.  The 
ATB  TONE  and  GND  lead,  which  is  connected  td 
cam  spring  3,  is  extended  to  thc^  lower  20Q-dhm 
winding  of  relay  A.  This  safety  feature  insiir«  that 
ground  for  the  ot^ratidn  df  relay  A  will  ndi^  be 
removed  from  the  4-  linc^during  the  operation  ofThe 
cam  sprinjgs.  in  this  way:  the.  cam  spring,  when 
operated,  complete  the  ATB  tone  circuit  td  the  calling 
tclephdnc.  The  circuit  is  cdmpleted  by  disconnecting 
dial  tone  from  selector  relay  A*  and  replacing  it  with 
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ATB  tone;  When  cithcf  dial  tone  or  ATB  tone  current 
is  transmitted,  the  aitcriiatihg  current  for  the  audible 
signal  js  iriduccd  in  thc^cajridary- av^^  of  the  diaj 
or  busy  tone  transformer  and  added  to  the  direct 
current  in  the  telephone  circuit.  The  prirriary  windinjg 
of  thc  bus^  tone  transformer  Is  cohnccied  to  an  ATB 
tone  interrupter.  The  ATB  tone  interrupted  produces 
the  regularly  spaced  tone  pulses  that  are  heard  in  the 
receiver  of  the  cal I ing_ telephone  to  signal  the  calling 
party  to  **hang  up"  and  wait  a  few  moments  ^before 
lifting  the  handset  and  dialing  again. 

'  Dial  toiie  is  ah  audible  s^ghal^  showing  that  the 
selector  is  connected  to  the  calling  line  and  r^dy  to 
respond  to  dial  pulses;  whereas  ATB  tone  indicate 
that_ all  trunks  on  the  sclc<^cii  _bank  level  are  busy^ 
ATB  tone  reaches  the  caUing  telephone  over  a  pam 
sirhilar  toihat  taken  b^diaJ  tohc^.  Its  circuit  extends  , 
from  g^rq^und  through  tHi  secdndat^^^in^dijlg  of  a 
tone  transformer,  through,  cam  spri^  contacts  3  and 
5,  through  the  lower  200-bhm  win| 
through  contacts  4B  and  gB  of  relay 
of  the  line  loop,  through  the  calling  teJ 
—  side  of  the  loop,  through  contacts 
relay  F,  and  through  the  upper  2bb*ohr 
relay  A  to  negative  battery.  The  make- 
spnhgs  of  the  cam  spring  assembly  prevent 


jng  of  relay  A, 
-to  the  -h  side 
Dnc,  to  the 
and  IB  of 
indihg  of 
c-brcak 
the 


[ihor 


twir 


lo  re- 


operating  circuit  of  relay  A  from  opening  dUring  the 
time  the  DIAL  TONE^_GND  lead  IsYbcing 
disconnected  and  the  ATB  TONE  and  GND 
being  connected  to  the  lower  200-ohm  wind 
relay.  A.  That  is,*  ground  via  the  DIAL  TON 
GND  lead  is  riot  removiwd  frorri  the  -f  side  of  tl 
loop  until  the  ATB  TONE  and  GND  head  has  t3fen 
connected  to  it,  \ 

^  Of^ratibn  of  the  cam  springs  also  further  opcris» 
cojitBcts  i  and  2,  the  incomplete  operating  circuit 
relay  F  to  prevcht  it  from  operating  and  releasing  rcla;J 
A  when  the  C^wiJ>er  d6«  hot  cnc»uritergr  at  the^ 
eleventh  rotary  step  With  the  wipers  off  the  bank  on 
the  eleventh  rotary  step»  there  is  no  j^biiind^x^n  the  C 
wifK^r  (as  in  the  cbto  pfjmsy  trtih^^ 
Since  the  G_wiper  is  ungrounded  at  the  eleventh  rotary 
step,  relay  F  will  operate,  unless  its  oj^erating  circuit  is 
open  or  again  shunted^  Since  there  jsjio^rd vision  for 
shunting  relay  F  at  this  point,  can> springs  1  and  2  are 
opened  as  soon  as  the  wipers  step  to  the  eleventh  rotary 
position. 

Exercises  (412): 

1 .  Qiyc  the  maxinium^r^  or  tnihks  the  sekjctor 
wipers  move  over  before  re^Bhiqg  ^e  ATB 
position.  , 


2.  Name  tWswUch  that  operates  when  all  the  trunks 
to'tffi^tx)nRggief  are  found  to  be  busy; 
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3.  Compare  the  dial  and  ATB  tones; 


4.  What  difference  should  you  notice:  if  you  test  a  C 
wiper  for  an  idle  trunk  and  a  busy  trunk? 


4l3._IJsiiig_fbldbiit  2's  selector  schematic  diagram 
aiid  njgure  2^  as  necessary,  stale  the  compohehts  or 
identify  those  circuit  actions  that  release  the 
telephone  frbin  AII|Triinks  Busy  condition. 

Circuit  Release  When  All  Trunkji  Are  Ihisy. 

(Operated:  Relays  A  and  B,  the  VON  switch,  aqd  the 
cam  sprj  rigs  J  If  the  handset  of  the  calling  telephone  is 
placed  on  the  cradle^  whein  ATB  TONEJs  heard,  the 
release  of  the  selector  circuit,  seen  in  figure  2-4,  iS 
cbrilpreted  iri  the  fdlldwirig  sequence: 

Reiay  A  reports.  When  the^handset  is  repjaced  on 
the  cradle,  the  loop  from  ihc^calling  telephone  to  the 
selector  is  opcried  at  the  cradle  switch,  which  dperis  the 
operating  circuit  of  relay  A;  Wherv relay  A  restores,  it 
opens  the  operating  circuit^of  lelay  B  by  disconnecting 
its  w i  n d  i  ri g  f  ro rii  grou rid ..  B^use  of  i ts  s lovc'  re  Icasi  rijg 
action,  relay  B^^q^ains  operated  for  a  moment  after  its 
circuit  is  opened,  thus  connecting  the  operating  circuit/ 
of  relay  C  2fiid  the  vertical  niagrict  lb  grdurid  at  relay Pf* 

R^tay  C  operate.  Upon  completion  jc^  its  operating 
circuit  by  the  release  of  relay  A  and  thc^timc  delay  in 
the  release  of  relay  B,*T<JayC  dfKirat^,  ^^ut  it  performs 
no  useful  function  at  thisihne,  except  to  open  further 
thc^ircuit  for  the  rotaryjiitgnet  at  its  opened  conucts 
2  an^  3.  -  . 
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Figure  2-4.  Selector  release  form  ATB. 


yertica}  maf^net  operates.  Cbnipletioh  ol^l 
magnet  operating  cifcaii  makes  ihc  switch  shaft  take 
one  vertical  step.  This  operation  serves  no  useful 
function  at  this  time.  The  shaft  will  fall  back  when  the 
magnet  restores:  ^ 

Relay  B  restores.  A  fractitwi  of  a  second  after  its 
operating  circuit  is  opened^  relay  A,  relay  B  restores 
and  closei  the  operating  cijrcuit  of  the  release  riiaghet. 
This  circuit  is  «tablisicd  ifrom  ground  through 
•  contacts  5T  and  4T  of  rcfa^^^  contacts  2  and 

I  of  relay  A,  through'  contacts  2  and  1  of  re^y  B, 
tbrough  contacts  I  and  2  of  relay  SW-I,  throujgh  the 
130-dhm  windings  of  the  release  alarm  r^lay  to 
negative  battery:  Release  of  relay  B  opens  the 
operating  circuit  of  relay  C  and  the  vertical  magnet 
and  removjcs  ground  (at  contacts  4  and  5)  of  the  C  lead 
to  relcKC  ail  the  switches  in  the  train  and  to  fcake  this 
switch  idle.  _  \ 

Vertica}  magnet  restores.  Of>ehirig  of  the  vertical 
magnet  arcuit  at  contacts  2  and  3  of  relay  B  releases 
the  mi^et's  armature,  thus  dropping  the  vertical  pawK 
back  from  the  tooth  of  \he  vertical  ratchctj.^^^^    _  _ 

Retay  C  restores.  WhSli  relay  B  r»tor«,  it  opens  the 
operating  Circuit  of  relay  G  at  its  2  and  3  contacts, 
r^toring  relay  C  (after  a  moment  of  time  delay). 

^et}^ J^^net  operates:  Compi^ion  of  the  release 
magnet  circuit  of  the  selector  returns  the  switch  shaft 
^ahd  wipers  .to  normal.  As  the  sha^ft  returns  to  its 
normal  position,  it  r^tor^  the  cam  springs  (SW-3) 
^and  the  VON  switch  (SW- 1 ). 

Cam  springs  restore.  The  cam  sprijigl  were  operated ' 
by  a  cam  on  the  switch  4haft  when  the  wipers  were 
stepped  to  the  cicvcnth  TOiary  posit iog^  The  cam 
springs  ari5^estor«d  di^^  release  <g^?l?.  when  the 
"ihaft  spring  rotato-  the  wipers  off  the  eleventh  rotary 
poftition,  back  to  the  nbmal  ppsition.  Relea^i  of  the 
cam  spring  removes  the TO  lead 
from  the  lower  200-ohra_  winding  of_rclay  A  and 
replace  it  with  DIAL  TONE  and  GND  lead  in 
preparation  for  the  n^xt  calK  The  operating  circuit  for 
relay  A,  however,  remains  open  at  the  cradle  switch  of 

the  cajlihg  tclcphohe.  ___  j 

--_  VONswirch  resrores:  The  selector  shaft,  in  returning 
to  its  no^nal  positiQn,  mechanically  r«t6rcs  the  VON 
switch  (SW- 1 ).  As  SW- 1  is  naftqn^,  I  and^  lpt^'^8^ 
bpen  the  pj>eraung  circuit  of  the  rele^  magaet.  ^ 

Release  mc^et  restores.  Since  its  operating  circuit  is 
open  at  the  VON  switch,  the  rc|iMi«  magniSt  r«tor«. 
The  sclcaor  is  then  released  and  may  berseized  for 
another  call. 

Exerciser  (413): 
I .  To  operate  relay  C,  what  potential  is  connected  to 
it  by  the  released  relay  A? 


2:  Which  selector  switch  magnet  is  the  last  to  operate 
while  the  circuit  is  returning  to  normal? 


3:  List  compc^oents  of  the  release  magnet  t)perating 
circuit. 


4.  How  arc  the  wiperspoved  to  the  eleventh  rotary 
position  during  selector  release  (mechanically  or 
electrically)? 


2-3.  ^rbiibleshodting  the  Seiector 

You  h^ve  learned  that  searching  for  troujplc  is  one 
of  youi;  tasks.  In  the  previous  chapter,  wc^l^  . 
revicTw^ed  a  stepping  switch  trouble  symptom  whicn  was 
cadsed  by-3  qircutt  relay-  Of  course,  the  samc^tepping 
switch  Symptom  may  also  be  seen  in  the  selector 
circuit  It  could  also  be  a  relay  defect.  But,  it  could  be 
^used  by  other  defects^  Moreover,  additional  trouble 
^symptoms  and  troubles  arc  to  Be  fdiirid  in  the  selector. 

j\  — 
  >  # 

414.  Given  typical  selector  equipment  tr^^ 
s^ihptbihsT  and  using  fol^d out  2'$  .schematic  ^ 
diag^i^insv  determine  the  probable  causes  of  trouble 
in  each  instance  and  state  the  necessary  corrective 
actldiis. 


The  c3bs&  of  jnost  telephone  circuit  troubles  are 
hot  easily  idcritified,  t^causc^^ 
cause  the  sj^e  or  a  similar  symptom.  You  shouKl 
recall,  too,  ^'that  most  good  repairmen  study  tfic 
tclephdhe  circuity  amd^  use  a  basic  knowledge .  of: 
electricity  and  the  system  to  isolate  the  probable 
trouble.  In  the  follpwihg  jsample  trduble,  then,  let's* 
refer  to  the  typical  s^ep- by-step  sclcaor  schematic 
diagram  while  determining  probables^  which  could 

cause  this  symptom.   :  ^_  _   : 

lT^c  trbiiblc  sytnwpm  is  that  the  selector  switch  has 
stepped  vertically  -^d  rotary,  then  jrcleas«i.  What 
dcvice(s)  and  whkt  aaidhs  hbiTijally "hold  the  switch 
operated  during  the  caH?  ^ 

r  ;^Wc  said  that  relay  F  remains  operated_duririg  the 
calf  to  fxreveht  the  scicooi^sw^ 
When  studying  basic  electricity,  you  learned  two 
electrical  conditions  which  can  prevent  a  relay  from 
operating  or  i-cleasirij;  arc  a  shunt  of  it  or  an  open  in^its 
operating  circuit.  The  m^st  common  relay  trouble  is 
probably  an  open  circuiL  ^ 

Looking  at  relay  F  in  the  text  thematic,  we  see  mat 
contacts  I  and  2  or  the  (EAM  switch,  contacts  I  and  2 
of  the  rotary  magnet,  cohy^cts  3  and  of  the  VON 
switch,  and  the  E  relay  winding  are;,  in  the  F  relay 
holding  circuit.  Consequently^  if  any  set  of  these  listed; 
contacts  were  dirty  or  open  when  they  arc  supposed  to 
be  clds4M|,  relay  F  would,  not  hold  the  switch  in 
position.  Also,  the  defect  could  be  open  contacts  2T 


arid  3T  6f  relay  F,  a  maladjusted  or  dirty  selector  C 
wipcf ,  an  opcil  or  dirty  bank  |trmirial  C,  or  open  riiakc 
coniacts  of  the  B  relay  in  i^ie  succeeding  switch: 

From  this  study  of  the  electrical  circuit  for  the 
selector  switch',  we  cah_again  see  that  the  j^^^ 
trouble  is  a  mechanical  malfunction:  relay  and  switch 
cdfTiact  condition.  Hence,  you  may  correct  the  trouble 
by  inspecting,  testing,  cleanings  and  adjusting  thes? 
units. 


the  following  trouble  symptoms;  State  an  appropriate 
corrective  action  for  each.  ^ 

i  A  selector  was.  seized  but  released  instantly 
^     following  seizure. 


2.  A  selector  steps  vertically  but  does  not  step  rotary. 


Exercises  <414): 

Use  foidout  2  and  the  text  information  for 
determining  the  probable  trouble  that  caused  each  of 


3:  A  selector  steps  vertically,  rotary,  and  remains 
operat6d.  It  has  not  released. 


eH APtER  3  / 


Connector  Equipment 


THE  OONNEGT0R  is  the  final  switch  for  extend ihg 
the  calling  telephone  loop  to  ihecalltd^  The 
connector  is  similar  in  mcchanicai  actjon  and 
consmiction  to  thc.sclcctdn  but  it  has  ho  vertical  or 
rotary  ihtefmpter  springs,  since ^tS3^ 
rotary  movements  are  ond^r  the  control  of  the  dial  of 
the  calling  telephone^  The  connector  may  be  readily 
recognized  by  the  large  riumfer  of  <»i^^ 
mouiuwion  its  switch  base:  Thus,  the  connector,  like 
the  selector,  is  a  two-motion  stepping  switch;  but 
'  unlike  the  selector,  which  OKponds  tathe^<^^^^^ 
Of  the  first  dialed  digit,  the  connector  operates  in 
responscJoihc  dial  puls^  of  the  last  two  digits  fTENS 
and  UNITS)  of  the  called  telephone  nu^ 
ODittiTCtdf  can  be  d«cribed  as.  a  fully  numerical 

switch. X  *  . 

As  yoii  mi^t  expect,  there  are  several  ki^ 
connectors:  We  shall  discxiss  them  next.  Then  we  will 
review  the  connector  circuit  operation  arid 
trbubleshbbting. 

3-1.  Types  of  Cohnectbrs 

You  learned  of  four  types  of  Strowgcr  connectors 
in  the  resident  course.  The  great  majority  of 
connectors  arc  regular  coririectdrs  which  f^rfdml  the 
fuhctibhs  listed  riext. 

415.  Label  four  types  of  StroW^r  connectors,  and 
give  a  Rinction,  similarity,  or  difference  identifying 
each. 

RegiiJiir  Connector.  You  should  recall  that  this 
cdhhcctdr  docs  ^hefd  lid  wing: 

a.  Upon  seizure,  it  holds  itself  and  all  other 
switch«  in  the'switch  train  dperatcd  arid  busy  td  dihcr  - 

ca  1  Is  uniiV  the  cdri riectiqn  il:^ aliased .   

It  raiss  its  wipers  vctltsally  and  rotates  them 
honzontaiiy  in  rwpphsc  td/dial  j>iilM»  of  the  TENS 
arid  UNIT^igits  df-thc  cabled  Gblephonc  number:. 

r:  It  kebps  the  Ime  wipers  disconnected  during 
rotary  stepping  in  order  riot  td  iriicrfcrc  with  the  lines 
dvcr  whose  bank  contacts  the  w[pcrs  p^: 

d:  It  tests  the  called  line  to  determine  whether  it  is 
engaged  or  idle,  prevents  the  cdriricctidris  df  ihi  calling 


/ 


lirie  witlva  bu^ Unhand  provid^busy  tone  to  notify 
the  calling  telephone  that  the  called  line  is  busy. 

e.  If  the  called  lirie  is  idlc^  it  ex^^^^ 
through^  the  called  line  and  maices  both  lin»  busy, 
so  that  the  call  will  not  be  interrupted. 

£  It  fully  operates  the  called  line's  combined  line 
amd  cutdff^^felay. 

g.  It  rin^  the  called  line  and  connects^  ririgback 
tone  to  the  calling  i^Uric,  shdwirig  that  the  callfel 
tclcphdnejs  being  rung. 

h.  It-  removes  ringing  current  frdm  the  called  Uric 
after  the  called  tclephdne  Jias  msw^^^   

i.  It  suppli«  battery  currertt  for  talking  purposes  to 
both  the  calling  and  called  tclcphdries. 

J.  It  releases  when  the  last  pgty  hangs  up.  This Jett 
all  the  other  switches  in^J^:^iwitch  train  release 
without  interfering  with  dtj^rlin'cs.  : 

k.  If  it  fails  to  rdjM^l«  .if  e^^^ 
called  telephone  user  failslo  replace  the  handset  on 
the  cradle^  it  provide  a  rclcw^  alartn  signal  to  ricn 
central  dffice  pcrsoririel  of  the  abnormal  condition: 

In  order  to  do  the  riiariy  listed  furictidris,  it  has  the 
folldwirig  dght  relays: 
A   -  Pulsing 

B_    -  Holding  _      u:^  L_ 

C   -  TrarisTef  (vcrticai  to  rotary  stepping) 
b   -  Battery  reversal 
E    -  Busy  test  :     :     i        _i  _ 

F    -  Secondary  cut-through  (ring  cutoff)  , 
f     G   •  Busy  '  , 

H   -  Pririiary  cut-thrdugh  (ririg  start) 

The  circuit  operation  tracing  arid  trdubleshodtirig 
that  we  describe  iri  this  chapter  arc  for  the  regular 
cdririecidf.  ^  i 

trunk-Hunting  CoMector,  Trurik  hurilirig 
corinectors  (sdriietim^K^^  calle^ 

arranged  for  use  N^here  the  traffic  to  a  statioj^ 
department,  or  office  cannot  be  haridled  by  a  singe 
lirie.  Fdr  such  a  tisc,  it  isnccessary  to  provide  m^ 
than  qne  line,  although  only  one  telephone  numbed 
(that  of  the  firsijinc  of  the  grdup  provided)  is  listed >n 
the  (Jirectdry.  This  first  rsumber  is  Called  the:  pilo^ 
number;  Lines  of  such  a  group  are  all  located  on  one 
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connector  level,  and  ihey'are  connected  consecativety 
to  the  connector  hank  contacts.  The  cbhhebtbr  wipers 
are  moved  by  dial  pulses  to  the  bank  (X)nia^  the 
first  trunk  of  the  group:  If  that  trunk  is  busy;  the 
connector,  wipers  automatically  rotate  to  the  bank 
contacts  of  the  second  trunk  in  the  group.  If  the  ^ond 
trunk  is  busy,  the  connector  wipers  rotate  to  the  bank 
contacts  of  the  third  trunk  in  the  group.  The  automatic 
hiihtiiig  pi-bccss  is  cohtiriued  until  an  idle  tnirik  has 
begti  found.  If  all  of  the  trunks  in  the  called  group  are 
feusy.  the  connector  wipers^stop  on  the  bank  contacts 
of  "the  last  trunk  of  the  groUp,  arid  the  cdririectbi- 
returns  a  busy  tone  to  the  calling  lopp: 

Executive  Right-df-Way  Service  Cqnnecton 

Regular  connectors  may.  be  arranged  to  provide  a 
special  type  of i>ervice  referred  to  as  executive  righi-bf- 
way  service.  When  such  a  cbririecior^s  dialed  to  a  busy 
liii^,  it  returns  a  busy  tone  to  the  calling  ]ine  in  the 
usual  way.  If  an  urgent  call  originates  at  the  e^icutive 
telephone  (brie  prbvided  with  the  rieccssary 
equipment),  a  special  switch  on  the  executive 
telephone  may  be  operated,  causiitg  the  connector  to 
extend  the  call  tb  the  called  line,  even  though  Jhat  line 
is  busy.  Conversation  among  the  three  telephones — the 
executive  telephone  and  the  two  telephones  originally 
cbririected^-4hen  riiay  take  place.  Or,  ^e  caJUrig  party 
may  request  that  bath  parties  hang  up:  When  this  is 
done,  the  connector  will  ring  the  called  party  and  the 
call  will  proceed  as  a  ribmal  cal^^ 

Test  Connector.  Test  connectors  are  supplied  as  a 
part  of  each  iccgular  cbnricctbr  shelf  arid  are  riiqurited 
at  the  left  end  of  the  shelf  (Connectors  are  m^  in 
the  supporting  frame  in  groups  in  the  same  manner  as 
the  selectors,  arid  each  group  is  referred  tb  as  a  shelf)- 
The  test  cbrincctbrs,  used  in  cdry Urictibn  with  a  test 
distributor,  permit  routine  testing  of  the  telephone 
lines  from  the  t«t  desk.  Test  cbriricctbrs  are  not  wired 
to  supply  ringing <:urrent^  arid^ariy  telephone  to  which 
the  connector  is  dialed  is  signaled  by  ringing  current 
supplied  frbrii  the  test  desk. 

Exercises  (415): 

1.  Nariic  the  coririectbr(s)  which  providts  ringing, 
ririgback,  arid  busy  tone  to^the  line  loop: 


2.  To  which  digit(s)  of  a  dialed  telephone  .nuriiber 
dbes  the  regular  cbririectbr  respbrid? 


3.  Identify  one  difference  in  connector  bank 
connections  for  regular  and  trunk-hunting 
corinectors. 


4.  Identify  two  types  of  cbiinectbrs  installed  bri  shelf 
j  iri  cbririectbr  bay  102. 


5,  Compare  the  regular  and  test  connector 
installation  arrangements. 


3^2.  Coririector  Circuit  Operation 

Foldout  3  in  the  separate  inclosure  is  a  schematic 
^agram  of  a  typical,  100-pbint  regular  cbririectbr, 
which  can  be  ta  trace  the  operating  s^uence  of 
the  various  circuits  and  relays.  Let's  begin  ^y 
reviewing  hbw  a  cbn(fecrbr  is  seized. 


416.  Using  foldodt  2  and  foldout  3's  cohnectbr 
schematic  diagrams  and  figure  3^1  as  heeded, 
deterifiine  the  components  or  actions  that  seize  the 
connector.  ^ 

Seizure.  A  connector  may  be  seized  by  a  calling 
line  using  either  a  line  switch  or  a  llnefinder  if  the 
systerii  has  less  than  100  Hrics,  br  by  a  selector  if  the 
s>^iem  has  more  than  ]00  lines:  In  the  foUowing 
circttjt  analysis,  it  will  be  assumed  that  the  preceding 
switcn  in  the  switch  train  is  a  selector,  sirice  nibst 
central  offices  have  more  than  100  lines. 

When  the  wipers  of  the  preceding  selector  seize  the 
barik  cbritacts  bf  an  idle  trtink  Icadirig  ta  the 
connector,  the  loop  of  the  calling  telephone  is 
switched  through  to  the  connector  by  the  sclcctbr.  At 
the  sarii e  ti riic ,  rib th i  ng  is  cb ri riccicd  to  the  lobg^exccpt 
relay  F,  shown  in  foldout  2,  which  is  held  o^kted 
duriiig  the  cut-through  pcribd  by  gi  s^burid  at  jpay  B 
of  the  sclcctbr.  Sirice  sclcaor  relay  B  is  a  slow- 
releasing  relay,  it  remains  operated  and  holds  scleaor 
relay  F  operated  until  its  grbunding  furiciibn  has  bceri 
assumed  by  relay  B  of  the  connector.-  Relay  F^  held 
operated,  thus  prevents  the  release  of  the  conneaion 
during  the  tiriic  between  the  seizure  bf  ari  idle 
cbririectbr  tnirik  by  the  selector  wipers  and  the 
following  operation  of  the  conneaox. 

Figure  3-1  shows  the  scquericc  bf  relay  bperatibris 
that  are  butliried  in  the  following  paragraphs.  When 
selector  relay  F  operates,  it  connects  the  +,  — ,  and  C 
leads  of  its  three- wire  incoming  thirik  tb  the  selector 
wipers  which  are  cbrinectwi  to  the  +,  — ,  and  C  leads 
of  the  idle  connector  trunk  seized  The  loop  of  the 
calling  telephbrie  is  thus  cbririected  from  the  selector 
banks  to  the  connector,  completing  the  operating 
circuit  of  connector  relay  A. 

Reiay.  A  operates.  Relay  A  operates  over  the  loop  of 
the  calling  telephone,  extended  by  the  selector,  and 
closes  contacts  2  arid  3.  thereby  closing  the  circuit  over 
which  relay  B  operates;  When  relay  A  operates,  it  also 
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Figure  3-1.  Normal  sequence  fdr  1 00-poinC/£t)nneaof  operation 


Opens  the  iricdmplete  operating  circuit  of  the  release 
magnet  by  opening  contacts  1  and^: 

_  Relay  B  oj^erates.  Relay  B  opcratwi.  upon  the  clpsinjg 
of  it?  operating  circu'u  by  relay  A.  Operated  relay  B 
performs  the  foiiowing  functions: 

(1)  it  connects  ground  jp  the  C  lead  of  the  trunk 
(through  con  tacts  6  arid  7)  to  make  the  -conn  ector 
'*^busy''  and  to  hoiO  the  t  relay  and  the  preceding 
switch^  in  the  train  operated  and  guard<Kl  against 
seizure  by  other  calls.  This  ground  on  the  C  lead 
multiplei,  for  a^oment,  the  ground  on  the  selector  C 
Iwul  (from  selector  relay  B),  which  has  held  relay  F  of 
the  S45icctdr  arid  the  entire  switdi  tm 

moment  after  s^l^or  relay  F^opcrato,  the  rejease 
peno^  of  slow-rel^ihg  relay  B  of  the  selector  ends^ 
This  causes  it  to  restore.  When  Jclcctbr  relay  B 
restore,  it  remove  its  ^ond  from  the  C  lead  and 
from  the  operating  circuit  of  selector  relay  F.  Selector 
F,  however,  rcmai ns  operated  from  the  ho  1  d i  ng 
ground  connected  to  the  C  1^  connector  relay  B. 
The  C  thus  remains  grounded,  preventing  any 
other  «lcabr,  whq^  wipers  may_bc  tnirik  hilndrig^q^^ 
the  dialed  selector  level,  from  seizing  the^  busy 
(^nnector.  SiHce  every  connector  can  be  seized  and 
V^cd  fe^^i  oQc  of  a  numt^r  of Jclwrtofs,  the  trunk  jq 
the  connector,  when  seized,  is  made  busy  (by  ground 
from  the  C  lead)  at  the  cbhtrbl  banks  of  all  selectors  to 
which  it  is  a^ilablc.   ^      ^  i  ^ 

(2)  It  prepares  the  circuit  over  which  relay  G  and 
the  vertical  magnet  will  operate.  When  operated,  relay 
Polioses  contacts  2  and  3,  through  which  the  operating 
circuit  of  relay  C  and  the  vertical  magnet  will  later  be 
completed  to  grbun\l  at  cbht^;ts  2  arid  1  of  relay  A 
when  relay  A  restorw^during  the  first  dial  pulse. 

(3)  Jt  partially  completes  the  operating  circuits  of 
relay  E  and  the  rotary  magnet  b)/  closing  contacts  2 
arid  3. 

(4)  It  further  opens  the  operating  circuit  of  the 
release  magnet  by  opening  contacts  2  and  1 .   

(5)  It  closes  contacts  4  and  5,  thereby  preparing  a 
ground- return  path  for  the  operating  circuits  of  relay 
H  arid  re 


Eterclses  (416):  \    .      '  _ 

1.  Ideritify  the  oj^sralcd  conricdor  relay  arid  the 
potential  it  provides  which  holds  the  preceding 
switches  operate. 


2.  Name  the  connector  A  relay  contacts  and  tell  what 
action  they  provide  when  the  relay  is  operated  and 
\  released. 


3.  Detail   briefly  the  procedure  which  seftes  a 
telephone  connector. 
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idemif^sthe  connecting  method  ased  to  make  a 
i     connector  busy  to  all  searching  selectors. 


417.  iJsiii^  foldout  3*s  connector  schematic 
diagram,  cite  those  components  or  actions  which 
provide  vertical  stepping. 

Vertioil  Stepping.  When  the  h^^  to  last  (TENS) 
digit  of  the  called  telephone  number  is  dialed,  the  dial 
pulse  springs  of  the  calling  teiephone_open  and  close 
9"9^Tor  e^ch  unit  of  the  dijit  dialed.  Relay  A  releases 
and  reopcrates  a  number  of  times  equal  to  the  number 
of  dial  pulses.  Therefore,  if  the  TENS  digit  dialed  is  9, 
the  dial  pulse  spriiijs  break  and  rriake  cbhiact  nine 
timjcs,  and  the  operating  circuit  of  relay  A  is  opened 
and icloscd  nine  times.  ; 

^'^i  .^"^^i^^^y  I'M-  (Pp^^^^j  '^^cla^'S  A  arid  B.) 
During  the  first  break  (open  period  or  first  pulse)  in 
the  loop,  the  operating  circuit  of  relay  A  is  opened,^ 
t^stofing^  r^clay  A.  Herice,  the  fbllbwing  sequence  of 
operation  results: 

a.  Relay  A  r^tores,  performing  ^»e  following 
furictibris:  _ 

(1)  it  opens  the  operating  circuit  of  relay  B  by 
bpehihg  contacts  2  and  3^  Relay  B,  however,  is  slow 
releasing,  haying  a  release  time  which  exceeds  the 
length  of  the  break  period  on  the  loop  during  which  its 
operating  circuit  is  opened.  Relay  B,  therefore,  docs 
not  r^tbrc  bh  the  first  dja led  pulse  but  remains 
operated  until  its  operating  circuit  is  again  completed 

the  end  of  the  first  pulse. 
/  (2 1  Relay  A  closes  the  operating  circuit  for  relay  C 
^Aaid  the  vertical  magnet  by  closing  contacts  2  and  1 . 

PP^?^^^  oT  its  slow 

^  releasing  feature,  remains  operated  throughout  the 
vertical  pulsing^  period.  The  len^h  of  interhiption  in 
[9oj>  jMUScd^  is  shorter  than 

the  release  period  of  relay  C  Relay  C,  in  operating, 
opens t^e  operating  circuit  of  relay  Eat  contacts  2  and 
1  •  j^s^  l^^3Y  9P*^^^^j  J  t  a  Iso  paj\i  al  ly  com  pi  etcs  i  ts 
own  holding  circuit  through  contacts  2  and  3: 

c  The  vertical  magnetos  operation  rais^  the  switch 
shaft  and  its  wipers  one  vertical  step  on  the  cbriricctbr 

banks^   

d.  The  VON  switch  operates,  during  the  first 
vertical  step.  In  operating,  the  VON  switch  performs 
the  following  functions:  ' 

(1)  It  opens  the  initial  operating  circuit  of  relay  C 
and  the  vertical  magnet  from  gfoiind  at  relay  A  by 
opcning_sprjng  contacts  3  and  5. 

(2)  The  VON  switch  corripletes  a  second  operating 
circuit  for  the  vertical  magnet  and  a  holding  circuit  for 
relay  C  by  making  contact  4  with  contact  5,  before 
contact  5  breaks  with  contact  3  to  open  the  first 
operating  circuit  of  relay  C  and  the  vertical  magnet. 


(3)  The  VON  switch  closes  a  portion  of  the 
operating  circuit  of  the  release  rriagriei  by  closing  its 
contacts  and  2.  Thisjperrtlits  the  cbnnectbr  to  release 
at  any  time  after  its  seizure  when  relays  >^and  B_are 
i-estored,  the  VON  switch  is  operated.  ancT  relay  D  is 
Uribpefated.  J    _  _ 

(4)  The  ViDN  switch  prepares  a  circuit  for  the 
operation  of  relay  E  by  closing  its  make  springs  4  and 
5  .  This  circujt  will  be  completed  at  the  end  of  the  pulse 
series  when  relay  C  restores  and  closes  contacts  1-  and 
2.  j: 


e\  Relay  A  reoperates  after  the  first' pulse;  When 
contacts  of  the  dial  pulse  springs  return  to  their  normal 
clbsed  jx)sitibri,  the  loop  of  the  calHrig  telephbrie  is 
again  closed  to  relay  A,  thus  operating  relay  A  again: 
When  reliy  reopcrates,  it  performs  the  following 
-  bperatibris:   'i  _  

0 )  It  again  closes  the  operating  circuit  of  relay  B, 
which  remained  operated  during  the  first  interruption 
bf  its  circuit.     __  __  _     

(2)  it  opens  the  operating  circuit  of  relay  C  and  the 
vertical  rnagriei  by  opening  contacts  I  and  2. 

It  also  further  bpens  the  circuit  to  the  release 
magnet  by  opening  contacts  1  and  2; 

-f  J^^'^y  of  its  slow  j-eleasing 

action,  was  held  operated  during  the  first  pulse, 
remains  operated  during  the  closed  loop  period 
fbllbwing  the  first  dial  j)Ulse. 

ESuring  the  reoperation  of  relay  A  after  the  first 
pulse,  ^day  C,  which  is  slow  releasing,  reiriairis 
operated  for  the  time  during  which  its  operating  circuit 
was  opened.  __ 

h.  Vertical  rnagriet  restores.  When  its  first 
operating  circuit  is  opened  by  the  release  of  relay  A  at 
the  end  of  the  first  open  period  in  the  loop,  the  vertical 
rriaghet  restores.  Relay  C,  however,  has  partially  - 
completed  its  own  hojding  circuit  through  contact  2 
and  3.  This  holding  circuit  of  relay  C,  when  comjjieted 
on  the  second  Jjulsc,  prbvidcs  a  sccbrid  arcuit  for  the 
operation  of  both  relay  C  and  the  vertical  magnet 
during  each  pulse  after  the  first  pulse  of  the_scri«;.  _ 

Second  ^^rr/co/ 5/e/>.  (Opei^tcd^^  Br  and  C, 

and  the  VON  switch.)  During  each  pulse  or 
interruption  bf  current  in  the  calling  telephone  loop 
after  the  first  dial  pu_lse^_the  relays  in  the  vertical 
pulsing  circuit  of  the  connector  function  in  the 
followirig  manner: 

a.  Relay  A  rcstbrcs  again  when  the  second^ulse  js 
delivered  by  the  dial,  opening  the  loop  for  a  moment 
and,  with  it,  the  operating  circuit  bf  relay  A.  Since 
relay  B  is  held  bperated  during  pulsing,  the  release  bf 
relay  A  completes  the  holding  circuit  of  relay  C. 

b.  The  vertical  rria^et  operates  once  for  each  dial 
pulse  over  the  circuit  route  established  for  it  by  the 
holding  circuit  of  relay  C.  The  first  operating  circuit  of 
the  vertical  magnet,  clbsed  on  the  first  pulse  and  then 
opened  by  the  VON  switch  during  the  movement  of 
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thc^  switch  shaft  Up  to  the  fint  step,  is  not  used  for 
further  operations  of  the  vertical  mapiet:  Each  time 
the  yemcU' magnet  operate  in  response  to  a  piilse  in 
the  TENS  di^t  SsnesV  u  jrais^  the  s^^  one 
vertical  step^^  on  the  connector  bank.  The^  vertical 
maj^et  thus  follows  the  dial  pulses  of  the  TENS  digit 
pulse  trsuri  and  lifts  the  shatfl,  step  ^P  ^i^^y 

levels  on  the  bank  as  there  are  pulses;  foiLexampIc,  if 
the  number  2359  is  d«irod,  5  is  the  TENS  digit. 
Therefore,  ^ve  pulMs  would  be  transtnitted  to  the 
Verticai^R^Wiet  by  the  dial  4>ulse  springs  through  the 
pulsing, contacts  of  relay  A.  The  vertical  magnet  would 
bjM5raie  five  tim«;,  stcppmg  thcljfiaft  and  w^       up  to 
the  fifth  level.  The  wipers  rest  jtist  one  step  outside  the 
first  set  of  contacts  of  the  selected  horizontal  levej  of 
bank^ntacts.  ___       _  ___ 

Sequencer  after  iht  last  vertLcaJ  st^.  (Operated: 
Relays  A,  B,  arid  C,  and  the  VON  switch.)  After  the 
last  pulse  of  the  TENS  djpt^  there  is  a  paus&beforethe 
last  (UNITS)  digit  of  the  desired  telephone  number  is 
dial^.  During  this  interval  the  connector  operates  as 

follows:   :  _ 

a:  Re^ay  A  remains  operated,  and  upon  completion 
of  the  TENS  digit  pulsing  scries,  the  dial  cbhtacts 
return  to  their  normal  closed  position,  thus 
completing  the  operating  circuit  of  relay  A.  Relay  A 
thus  operates  over  the  loop  through  the  dial  pul^ 
sjprings  of  the  ^ling  telephone  and  remains  operated 
until  it  is  restored  dtmng  rotary  stepping.  When  relay 

X  A  operates  at  the  end  oif  vertical  stepping,  it  opens  or 

Vldscs  the  following  circoits: 

V  (1)  It  closes' the/operating  circuit  of  relay  B  by 
ci^^rig  contacts  2  |m^^   

(li^  opens^he  holding  circuit  of  relay  C  and  the 
secondtJ^ratlng  circuit  of  the  vcrtiqal  riiagrict  at 
contacts  1  and  2.  While  in  the  bjjerati^  p^ 
holds  open  the  circuit  over  which  relay  C  and  the 
vertLcaLmagnct  operate. 

(3)  Relay  A  further  o^hs  the  operating  circu  of 
the  release  magnet  by  opening  contacts  i  and  2. 

b.  Jlclay  B  remains  operated^  It  remains  operated 
throu^out  the  period  of  vertical  pulsing  arid  while 
relay  A  rcopcrates  after  the  lifet  pulse.  It  holds  open,  at 
contacts  1  and  2,  the  circuit  over  which  the  release 
magnets  operate. 

c.  After  its  hdldirig  circuit  is  o[>ericd  at  corita^^  1 
and  2  0f  relay  A,  relay  C,  with  a  delay  of  a  fraction  of  a 
second  because  of  its  slow  release  actiori,  restores.  In 
restbririg,  it  prepares  the  circuity d^^^  "^^^lay  E 
and  the  rotary  magnet  will  operate  when  the  UNITS 
digiLis  dialel.  When  releasing  after  the  last  pulse  of 
the  TENS  digit,  it  transfers  the  pulsing  circuit  from  the 
vertical  magnet  to  the  rotary_  magnet,  which  is 
conncctwi  in  parallel  with  relay  E. 

Exercises  (417): 
I.  How  many  times  is  the  connector  pulsing  relay 


circuit  interrupted  when  the  number  dialed  is 
2642? 


2.  Narrie  the  cbmjwherit  w^^^^  >Ay>^raied  when  the 
Strowger  connector  switch  steps  vertically  and 
Identify  its  contacts  and  the  circuits  they  complete. 

3.  How  many  times  dd^  the  cdtincctdr  vertical 
magnet  operate  when  the  number  dialed  is  2135? 


4.  List  the  connector  relays  that  operate  to  provide 
vertical  stepping. 


418.  Ustng  foLdcmt  3*s  connector  schehiatic 
diagrain,  delerimiie  all  compoheiits  or  actions  that 
provide  rotary  stepping. 

Rotary  Stepping.  The  pulse  train_  df  the  UNITS 
digit  dj>erates  the  rotary  magnet  just  as  th<f  pulse  train 
of  the  TENS  digit  operate  the  vertical  riiagriet.  The 
UNITS  digit,  therefore,  cdrftrd  Is  fdt^ 

Ftrsj  rotary  step:  (Operated:  Refays  A  and  B,trid  the 
VQN  swiich.)  As  the  dial  returns  to  ridrmal  after  the 
UNITS  digit  is  dialwi^th<e  dial  pulse  springi^B^  and 
make  as  many  times  as  the  digit  dialed,  opening  arid 
closing  the  loop  of  the  callirig  telephon^On  the  first 
pulse,  the  operating  circuit  of  r^^^^^  is  opened,  and 
the  sequence  of  operation  thereafter  is  as  follows:  . 

a.  Relay  A  restdn»  during  the  first  pulse:  When  at 
normal,  it  opens  the  operating  circuit  of  relay  B, 
which,  however,  does  riot  restore  because  of  its  slow 
i^lcasirig  action.  In  ristdrih^  it  compietG  the  operat- 
ing circuit  of  relay  E  and  the  rotary  riiagriet,  which  are 
coririected  in  parallel.  The  pulses  frgm  _«)ritacts  1  an 
2  of  relay  A  hdw  are  deHvered  to  the  rotary  stepp^ing 
circuit  instead  of  to  the  vertical  stepping  circuit.  Since 
the  335-ohm  wiridirig  pf  relay  E  is  cdnricctcd  in 
parallel  with  the  57-ohm  winding  of  the  rotary 
magnet,  the  two  relays  have  their  operating  circuits 
coriipleted  at  this  same  time.  

b.  Reiay  E  operates  on  the  first  pulse  and  performs 
the  following  functidns:  * 

( n  It  cldse^  a  JriUltipic  hdldi^n^ 
the  rotary  magnet  by  closing  i:ontact^7^/and  6.  TKls 
holding  circuit  will  hold  relay  E  and  tfic  rotary  magnet 
dperated  when  their  multiple  circuit  is  opened  at 
contacts  I  and  2  of  relay  G.  This  holding  circuit,  as 
well  as  the  sldw  releasing  actiori  of  relay  holds  relay 
E  operated  thrdUghoUt  the  rotary  pulsing  period:  The 
/jpiuifjple  holding  circuit  is  established  to  prevent  the 


i 


conYaets'of  relay^y 


eo  n  tacts  ^1, 
when  reiay 
.  (2).  Rti 
relay.  Gvb 
oircutt 
wiper 
dialed 
of  the  ca 
fouhd5,to 


L^y     1^  QP<^raied.  from 
ii  to  the  rotary  magnet: 
when  closed,  shunt 
o  prwde  a  pulsing  circuit 


prepares  a  ci/c|iit^for  the  operation  of 
li^irtg^con^ci^f^  4.  This  operatirig 
"^[J^jOvill  be  cbanpfete^  to  ground  at  the  C 
S]^r^'  sticpping  of  the  wipers  across  the 
Tevel  when  the  contrbl  nbrma|  (CN  lead) 
telephone  line  is  tested  b^the  wiper  and 
btSy  Relay  E  thus  co^R^'tts  /elay  Q  to  the 
€  wiper^si^Hhat  relay  G  may  dipi^at^'and-pj-ovide  bus^^ 
tone  currero,  to  the  calling  teleplSbne  if  the  called 
telephone  is  biisy.  .    ^  ' 

^  (3)  Relay  E  further  opens  the  operating  circuit  of 
the  1 25-ohm  wmdj^ng  of  two-step  relay  H  by  opening 
^pn^A^^I  A"ii  2'  The  circuit  of  rfelay  H  is  completed 
iater  from  negative  battery  on  the  CN  lead  of  the  called 
telephone  line  when  the  C  wiper  engages  it.  on  the 
-?^0trb1  bank  and  fiiids  it  to  be  idl^^  Relay  E  allows 
either  relay  G  or  relay  H  to  operate  at  any  one  time, 
but  riot  both  at  the  same  time.  The  opening  and  closing 
9ti?^"^l^?^^J_^*^'^  2  of  r^^  relay  H  frorfi 

operating  and  switching  the  calling  telephone  loop«» 
thrcSXigh  to  a  busy  telephone,  but  the  closing  of  the  2 
^^^^L9^P^^_9^X^^^y^.  PP^r^^tes  relay  G  arid  returns 
busy  tone  to  the  calling  telephone  to  indicate  that  the 
called  line  is  busy. 

c.  The  rotary  magnet  and  relay  E  operate  at  the 
same  time  when  relay  A  restores  diiririg  the  first  pulse 
of  the  UNITS  digit.  When  first  operated.,  the  rotary 
magnet  moves  the  shaft  one  rotary  step,  rotating  the 
wipers  bri  the  banks  to  the  positiori  of  the  first  set  of 
bank  contacts.       .   _ 

d.  When  the  loop  is  again  closed  2tt  the  end  of  the 

PP^ra^^^     circuit  of  relay  A  is  closed. 
When,  relay  A  rcopcrat«,  it  functions  as  foUdws: 

(!)  It  closes  again  the  operating  circuit  of  relay  B  to 
grbuhd  at  contacts  2  arid  3. 

(2)  it  opens  the  moltiplc  operating  circuit  of  relay 
E  and  the  rotary  magnet  at  contacts  1  and  2. 
__  (^)^    J]sp_  PP«!^^^^  holding  circuit  of 

reiay  £  and  the  rotary  magnett*^ 

_  ^"''l"J_y^'^  P"^*!^*^  of  its  release  from  grburid  at 
relay  A^  when  relay  A  restored,  relay  B  remains 
bpcrated.  ^Nbw,  with  its  operating  circuit  again 
established  by  the  rcoperatibn  of  relay  A,  relay  B  will 
continue  to  be  operated.  Thus,  relay  B  remains 
bpcrated  throughbut  the  pujsin& cycle.  It  rcstor^  only 
when  the  loop  Js  opened  S^rmanently— a^s^ 
example,  when  Jhe  handset  of  tfle  calling  telephone  is 
replaced  bri  t^iM:rad le.  » 

Ji  At  the  end  of  th^  first  pujse,  when  the  dial  pulse 
comets  close  agaijK^ and  operate  relay  A,  operated 
^lay  contacts  bperi  the  operaiirig  arid  hbldirig  circuit 
of  relay  E.  Slow-releaslng  relay  E  does  not  restore, 
Since  its  release  period  is  longer  than  the  period  of 
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discbririectiori  frbm  its  bperatirig  and  holding  grourid 
at  relay  A;  relay  E  (Operated  diiririg  the  rbtar>  steppirig 
cycle.  \. 

'  The  rotao  riiagnet  restores  when  its  multiple 
operating  and  holding  circuits  are  bperied.  because? 
relay  A  reoperates  at  the  end  of  the  first  palse^  The 
wipers  thus  come  io  rest  for  the  moment  on  the  first  seli 
of  contacts  in  the  djaied  bank  level. 
,  $e<xfnd_  rotan'  step.  (Opirat^:  Relays  A.  B.  arid  E. 
and  the  VON  switch.)  On  the  second  and  on  each 
remaining  piilse  of _the  UNITS  digit  dialed,  relay  A 
restores  during  the  open  period  and  reoperates  during 
the  closed,  period  of  each  pulse,  but  relay  B  remains 
operat^:  Each  time  relay  A  restores,  it  closes  the 
multiple  circuit  to  relay  E  and  the  rotary  magnet. 
B^lay  E  reriiains  operated  during  ihe  pulsing  period, 
^'"^^  '1  ^  ^lo^-^9''l^L^^3^  JP^^y-  The  rotary  riiagnet, 
however,  opnerates  during  each  pulse  and  restores  at  the 
^iLM  ^ch  pulse.  On  each  operation  of  the  rotary 
magnet,  the  shaft  rotates  its  wipers  brie  step  bn  the 
dialed  level  of  bank  contacts;  Thus,  step  by  step,  the 
^ij^sj^  Afe  riioved  across  the  dialed  level  until  they 
reach  the  bank  contact  of  the  desired  telephbrie  line 
and  they  complete  the  call  if  the  line  is  idle:  This 
swjuehce  bf  operation  of  a  connector  for  each  rotar>  - 
step  (after  the  first  step)  may  be  stated  as  follbws. 

Q.   J^^l^y  A  risstbr^  during  the  opcri  period  of  each 
pulse.  _ 

__  P'   Relay  A  rebpcrat^  during  the  closed  period  of 
each  pulse: 

c.  Relay  B  remains  operated  throughout  the  rotary 
P^M"g_cycle:  despite  the  opening  pL.its  operating 
circuit  by  relay  A:  ^ 

d.  Relay  E  remains  operated  throughout  the  rotary 
■  iing  cycle.  J 

e.  The  rotary  magnet  operates  once  for  each  dialed 
ptilse. 

^  fi.  The  rotary  magnet  restores  at  the  end  of  each 
pulse.  _ 

c   g.   The  wipers  take  one  rotary  step  each  time  the 
rotary  magnet  operates. 

A.  The  €  wiper  twts  each  control  bank  contact  on 
which  it  comes  to  rest. 

/^^^'^^„^*^^_o^^^       Ipt  rbtary  step  pulse,  the 
following  sequence  of  operation  occurs: 

(1)  Relay  A  cbm«  to  rest  operated. 

(2)  Relay  B  rcmains^oiwated.  \ 

(3)  Relay  E  remain^^  operated  for  i  fraction  of  a 
second. 

(4)  The  rotary  magnet  restbres. 

(5)  The  wipers  come  to  rest  on  the  bank  contacts  of 
the  called  iirie,  which  in  turn  are  wired  to  the 
connector  normals  (-f-N,  — N,  and  CN  leads)  of  the 
called  line  (FO  3). 

Exercises  (418): 

1.  What  dialed  digit  in  the  number  569-1382 
controls  rotar^ stepping  of  a  Strowger  connector 


switch? 


3VG 


ERIC 


2.  Assuming  that  the  su^  idle,  list 

the  connector  relays  that  operate  before  and 
;  rotary  switch  stepping. 


3.  Identify  thc^'^nnector  circuit  connections  th^t  are 
made  when  the  rotary  switch  has  stepped  to  an  idle 
telephone  line. 


419.  Usiiig  fdidout  3'$  cd|iie€tdf  scbematic  dtagraiti 
and  figura  5*^  and  3^  fs  necessary,  label  those 
devices  or  actions  that  iefze  an  idle  trunk. 

_i 

Called  Line  Idle.  On  the  completion  of  rotary 
stcpjjing,  the  wipers  have  been  rotated  across  the 
dialed  bank  level  to  the  bank  contacts  of  the  called 
line.  From  now  on,  the  action  of  the  connector  will 
depend  upon  whether  the  called  telephone  line  is  biisy 
or  jdlc.  If  the  ca[l«l  line  is  jdic,  it  will  be  seized  by  the 
connector  wipers.  The  control  bank  contact  of  the  idle 
called  Hric  is  connected  through  its  cbhtrol  rionhal  and 
through  the  cutoff  winding  of  the  combined  line  and 
cutoff  relayo(6Q6-ohm  winding  of  line  relay  L  on  the 
lihefihdcr  shelf)  to  he^tive  batiety.  At  thjs^time,  the 
wipers  have  just  seized  ih«c  connector  normals  of  the 
called  line.  Both  relays  A  and  B  are  being  held 
operated,  and  relay  E  has  hot  yet  J-«tqred^  ^[ncc^c 
wipers  are  touching  the  bank  contacts  of  an  idle  line, 
the  control  bank  contact  of  the  called  line  is  marked 
by  negative  battery  instead  of  by  poun  The 
following  sequence  of  operation  now  occurs: 

Jielay£  restores  (Operated:  Relays  A,  B,  and  the 
VQN  switch. )  Shbrtly  after  the  last  pulse  of  the  last 
digit  dialed,  relay  E  restores:  The  slow  releasing  action 
of  relay  E  has  enabled  it  to  stay  operated  for  a  fraction 
of  a  _^5cbridt  diiring  which  it  connected  relay  G 
through  contacts  4  and  2. to  the  C  wiper  to_^iJable  relay 
G  to  make  a  busy  test  of  the  called  line  (FO '3).  Since 
the  called  line  is  idle,  relay  G  w[ll  not  opurate.  The 
operation  of  relay  G  or  its  failure  to  operate  is  what 
makes  up  the  busy  test  of  a  called  line.  When  relay  E 
rcstdres,  it  pcffornis  the  following  functions^ 

a.  It  closoj  the  circuit  for  the  first  step  operation  of 
relay  H.  This  cbmpletc<^circuit  through^ 

winding  of  relay  H  operates  its  X  contacts  (IT  ajid  2T, 
F0  3).     •  . 

b.  Its  open  contacts  2  and^  further  open  the 
operating  circuit  for  relay  G  from  the  €  wiper. 

c.  Its. contacts  5  and  6  open  the  multiple  holding 
circuit  of  relay  E  and  the  rotary  magnet.  

Reiuy  HI  operates  irs  X  contacts.  (Operated:  Relays  A 
and  B,  and  the  VON  switch.)  Current  going  to  the 
i25-bhm  winding  operates  relay  H  to  close  its  X 
contacts.  The  closing  of  the  X  contacts  completes  an 
additional  operating  and  holding  circuit  through  its 


13ee-ohm  winding,. which  enables  it  to  operate  fully 
and  lock  operated. 

_  R'^tay  Hopnemes  juUy.  (Operated:  Relays  A  and  B; 
the  X  contacts  of  xetay  H.  and  the  VQN  switch;) 
Energizing  the  1300-bhm  winding  of  relay  H 
reinforces  the.  magnetic  attraction  force  of  the  125- 
ohm  winding  and  pulls  _the  'armature,  which_^was 
atBfectcd.  part  way  on  the  first  step,  all  the  way.  Thus^ 
the  remaining  contact  springs  of  relay^H  are  operated. 
Relay  H  remains  operated  for  the  remaining  time  that 
call  is  in  progress,  b^hg  heud  in  tlie  operated 
positidp  by  the  groun^  at  the^4  and^contacts  of  relay 

^  :B.  Relay  H  will  not  restore  utrtil  after^th  relay  B  and 
relay  D  restore  upon  completion  of  thc^  the 
y;>dps  of  both  (billing  and  called  telfcphoijes  are 

-^opened.  When  relay  H  operates  fully,.it|3«rforms  the 

following  ciixuit  funrt   l  l  ^ 

a."  It  opens  contacts  3T:  This  oits^Wf.  the  rotary 
magnet  operating  circuit  from  relay  A  as  a  safety 
measure  against  fuithci^^^ 

beyond  the  bank  contacts  of  the  called  line  which  has 
been  seized.  Thus,  should  the  dial  of  the  calling 
telephone  be  opcratgl  at  this  time,  the palse  would  not 
reach  the  rotaffy  ma^et,  since  its  operating  and 
holding  circuits  have  been  c^t  off  (that  is,  for  the 
length  of  the  call)  from  the  pulsing  contacts  of  relay  A 
by  the  opening  of  contacts  3T  and  4T  of  relay  H. 

h.  It  further  opens,  at  cdntaois  I  B  and  2B,  the 
dg«rating  circuit  of  relay  G  as  a  further  safety  measure 
against  its  operation  (FO  3). 

c.  It  connects  grduhd  to  the  C  wiper  and  C  lead  by 
Closing  contacts  5B  and  6B:  A  multiple  ground  is  thus 
applied  to  the  C  lead,  which  is  already  grpuhded  at  the 
4  and  5  contacts  of  relay  B.  The  odntrdl^ank  contaa 
on  which  the  C  wiper  is  resting  is  multipicd  with  the 
bank  contact  on  the  cbhtrol  banks  cIF"  all  other 
cdhnectdrs  of  the  ^oug.  proundihg  of  ¥ie  C  wiper 
and  the  multipicd  control  bank  contacts  of  the  called 
line  mak<^  the  called  line  busy.  -  -_  __  _ 

d.  It  cxtehjls  the  loop  of  the  callin^telephone 
throu^  to  the  called  telephone  <for  ringing  and 
talking)  by  closing  its  make  contacts  (5T  zuid  6T), 
thcrieby  connecting  the  no^ally  open  -f  and  — 
wipers  of  the  conneaor  to  the  -f  N  and  — N  normal 
wires  of  the  called  line.  This  cbnhec^  the  dutgding 
4- N  arid.  — N  from  the^conncctor  to  the  ringing 
generator  circuit  so  that  ringing  current  may  be 
applied  through  the  cdrihcctqr  to  the  called  lirie. 

e.  It  completes  the  ringing  circuu  over  the  —  side 
of  the  calicd  line  tathc /called  telephone  by  closing 
contacts  6T  arid  5T^  When  operated  fuj 

currerit  from  the  ringing  generator  is  applied  to  the 
called  telephone,  rrhe  ringing  generator  has  one  of  its 
two  tertriifials  cdririectcd  td  negative  battery,  which 
provides  direct  current  to  the  ringing  circuit  during 
periods  of  both  ringing  and  silence.  This  direct  currerit 
provides  a  means  of  cutting  off  the  ringing  whenever 
the  called  party  answers.  The  ringing  current  circuit 
extends  from  negative  battery  arid  the  ringing 
gericrator  (referred  to  as  ringing  current  superimposed 

32 


on  negative  battery),  over  the  KINGING 
GENERATOR  and  NEGATIVE JATTERY  icad  to 
^^L^ij'^allcd  teljsphdhc.   Relay  ,F  rcrriaihs  in  the 

,  anoperated  position,  vt'here  it  permits  the  ringing 
current  to  pass  through  its  cpniacis  until  the  handset  of 
^^<^l^^J^^c:phonc  is  lifi<^^  in  rcspk)nse  to  the  ringing. 
Whereupon,  its  operating  circuit  will  be  closed,  and 
the  relay  will  cufoff  the  ringing  currehl. 
L  P^'^Hy  coiji^^  first  operaiirig 

circuit  of  relay  F:  fAi  this  time^the  ringing  circuit  is 
extended  cm^as  far  as  the  capacitor  in  the  ringer 
circuit  of  thecal  led  terephdne  set.  The  circuit  lb  relay 
F  will  be  compietcd  when  the  handset  of  the  called 
telephone  Is  lifted  from  the  cradle,  which  alsojreiriov^ 
the  ririginfpircuu  capacii^^         the  circuit  of  relay  F. 

g.  it  also  connects  ringback  tone  to  the  calling 
telephohjC  by  closing  contacts  36  and  4B.  Ringback 
tofie  is  a  r i ngi  ng  si^al  reiu rhed  to  the  ca  1 1  i  hg 
telephone  to  indicate  that  the  called  line  is  being  rung. 
The  pc^ip^s  of  ringing  and  silence  foJLringback  tone  is 
the  same  a$  that  for  nrig^^^  currerji^  The  capacitors  in. 
the  ringback  lone  circuit  block  direct  current  but 

/pcrrnit  the  altcrhaiihg  jcingback  tone  current,  to  flow.  * 
S^^^y  ^^f^^^^i^^    ^         (*^^^J'3i<5*i:  Relays  A, 

^B,  and  and  thc^VON  switch:)  TJie  removal  of  the 
handset  from  the  called4elephone  cx)mpleies  a  direct- 
iSiirTent  circuit  across  the  3*  Jihe  wipers  aSid 

ti^mugh  the  200-0 hm  winding  of  rel^  F:  The  closing 
oj  the  X  contacts  of  relay  F  completes  a  circuit  from 
^^^^^Y^.P3^^^jy  }^I9^E^  Jts  1800- ohm  winding  to 
ground  through  contacts  4  and  5  of  relay  B:  Thus, 
relay  F  operate  fully. 

H,  the  X  contacts  ©f  relay  F,  and  .the  VON  switch:) 


0-0- — -x^--"-  -^^x  D-<£> 
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A.  NCUlMAL  POLAMITY-CiSeulT  ' 
y       1.   iCVUSED  POIARITY  CmCUlT 

/       C    COMilNED  NORMAl  AND  jiEVilSCD  POIAUTY  CltCUlTS 


Figure  3^2.  Reviersing  transmission  current  direction  to  the  calling 
telephWt-^ 


^ll^"_*!!^)^y  it  performs  the  following 

cirduit  functions:  "  : 

a.  It  locks ^thc  operated  pbsitioh  and^will  remain 
operated  (Intjl^  relay  B  restores.  - 
-  b.  it  disconnects  ringing' current  from  the^  side 
arid  generator  grburid  from  the  4-  side  of  thc  xallcd 
iclcphbhc  Vir^  by  opening  contacts  6  arid  7  arid 
contacts  4  and  3;  Ringing  is  thus  cfat  off  from  the 
called  telephone  when  *  the  handset  of  the  cal  led 
tc|eph b n c  i s  _rc m oved  f rom  jts  cradJ e . 

Y  It  disconnects  ringback  tone  from  the  calling 
telc^phonc  at  the  same  time  that  ringing  current 
off  from  the  calliwl  telephone. 

d.  Ix  extends  the  ^  and  —  normals  of  the 
'  lirie  to  the  -Hand  —  leads  of  the  calling  line  and  to  i 

lower  arid  upper  windirtls  of  relay  D,  to  cbriipleie  the 
talking  cirortit  between  the  calling  and  called 
telephones.  This  happens  vJhcn  ringing  and  ringback 
tbnef^rc  cut  off.  Relay  D  is  nbw  bridged  across  the 
called  line  and  is  connected  through  to  the  called 
telcphoric,  The  operatirig  circuit  of  relay  D  is  thus 
fbmplct^.  ^    __-  > 

e.  Rclsy  F  connects  ground  Irpm  contacts  2  and  1 
of  re^,  D  to  the  SUPY  Np.  1  lead  by  closing  contacts 
1 1  and  10>This  circuit  bp^ris  when  rela^  D  operates. 

Relay  D  operatG.  (Operated;  Relays  B,  H,  and  F, 
arid  the  VON  s>Vitch.)  When  the  called  telephone  iteer 
answers,  relay  F^pcrates  and  w  ih^  arid*  — 
normal  wires  from  the  ringing  current  supply  to  the  + 
and  —  cpriductors^  the  Ailing  line  loop  and  to  thc 
two  windings  of  relay  D.  Relay  D  bj^rates.  Relay  D  is 
bridged  across  the  called  loop  during  the  talking 
period  arid  thus  acts  as  a  part  of  a  transmission  bridge 
in  supplying  current  to  the  caHcd  tclcphbrtcJorja Iking 
purposes.  When  relay  D  operates,  it  performs  the 
following  furictioris: 

It  changesjhc  direction  of  current  jn  the  winding 
otrelay  A.  When  this  is  done,  the  polarity  of  th^e  + 
ana  —  leads  will  be  reversed  from  that  shown  in 
foJdout  3^  This  rcvcrsaj\<Df  the  direction  bf 
transmission  current  to  the  calling  telephone  happens 
at  the  riiakc-bcfore-break  cdritacts  of  relay  J),  as 
shown  in  figure  3-2.  Before  relay  D  bp>cratcs^ 
transmission  battcry_is  connected  as-«bown  in  figure 
3-2,A^  Wheri  relay P  bpcraics,  it  cbririects  grourid  to 
the  —  side  of  the  calling  loop  by  closing  contacts  7  and 
.8  so  that  the  circuit^is_trated  from  negative  ibattery,  as 
shown  iri  figure  3-2,B.  Further  bpcratidri  of  relay  D 
then  discpnnects  ne^tive  battery  from  the  —  side  of 
the  loop  by  opening  the  8  and  9  contacts  of  the_same. 
combiriatibri,  as  the  briginal  circuit  shown  in  figure 
3-2, A,  is  disconnected,  as  shown  ifi  the  upper  portion 
*of  figure  3-2vC.  The  make-before-brcak  springs 
(^'APiA^lus  permit  re^  riegative  battery, 

connections  to  the  calling  line  lobp  without  ofxsning 
the  loop  in  the  interval  of  reversal.  At  its  lower  makc- 
bcft)re-break  springs  (P^-ll-j2),  operated  relay  D 
removes  ground  from  the  -h  side  of  the  calling  loop  by 
opening  contacts  II  and  12  (fig.  3-2,Cj  after 
connecti^ng  negative  battery  to  the  -h  sidt  of  the  loop 
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by  closing  contact^  I  D  and  1 2,  as  in  figure  3-2,B,  arid 
the  lower  portion  of  figure  3-2,C;;  Becaose  the  line 
loop  is  not  disturbed  during  current  reversal,  loud 
clicks  are  hot  heard  iji  the  receiver  of  t^^^^ 
tcicphdnc.  Reversal  of  transmission  current  suppjy  in 
the  loop  of  the  caJliiig  telephone  is  often  required  at 
the  time  the  callcd4>arty  answers  to  operate  metering 
equipmwit  (such  as-mes^e  registers)  at  the  calling 
line  or  to  provide  supervision^  by  an  operator,  of  calls 
that  drigihate  at  a  manual  switchbbsu'd.  Thus,  when^ 
manual  switchboard  at^ndant  dials  the  number^^  a 
dial-equipp«l  telephone,  this  current  reversal  will 
operate  the  attendant's  cord  supervisory  sigrial. 

B,  It  cios«^a  multiple  holding  circuit  to  lock  relay 
F  and  rel^y  H,  operated  by  closing  cdntacts  Z  an^^  3 . 
This  locking  ground  to  relay  D  is  connected  in  parairel 
witRground  at  relay  B.  Thus,  if  the  calling  party  han^ 
up  first,  relay  3  restore  to  rcmqy^  ground  from  the 
operating  circuits  of  retey  F.and  relay  H.  These  relays 
are  prevented  from  r«»_torin^  by  the  multiple  locking 
ground  frbmic&ntacts  2  and. 3  of  relay  D. 

c  It  further  opens  the  o|^ratin^  circmt  of  thfe 
release  magnet  by  opening  contacts  4  and  5:  This 
prevents  the  ccfencctor  from  being  released  during  the 
talking  period  li^e  calling  party  accidentally  han 
uj).  Relays  A  and^  are  held  operated  over  the  loop  as 
long  as  the  handset  of  the  calling  telephone  is  off  the 
cradle  switch:  With  relay^  A,  B,  and  D  operated,  the 
release'  magnet  circuit  is  fitcrrupted  at  three  points; 
namely,  at  contacts  4  and  5  of  relay  D  arid  at  contacts 
1  and  2  of  both  relays  A  arid  B.  Since  relays  A  and  B 
arc  controlled  by  ♦the  caUing  telephone,  they  will 
r^tgrc  and  close  part  of  the  release  circuit  to  ground 
whcntte  handset  of  the  calling  tclcjjhone  is  rcstore^^ 
the  cradle  switch:  But  relay  D,  being  controlled  by  the 
Called  teiephone,  will  still  prevent  completion  of  the 
circuit  to  the  rd ease  rhagnet  by  remaining  op^^^^ 
and  holding  the  release  circuit  open.  Thus,  the  seized 
connector  canned  be  release  by  the  release  magnet 

until  both  pauti«  hang  up.     . 

It  opens  the  supervisory  circuit  through  the 
SUPY  NO.  Head  by  removirig  grourid  from^ji£bntact  1. 
This  circuit  clq^  when  relay  F  operates  |ully  and  is 
opened  an  instant  later  when  rday  D  operates. 
^  e.  It  partially  complctw  thcApY  NO.  2  circuit  by 
casing  contacts  5  and  supervisory  circuit, 

when  completed  by  the  reWlse  of  relays  A  and  B, 
lights  a  supervisory  lamp  on  the  pdwer  board  to  show 
that  the  calling  telephone  has  been  r^tored  to  its 
cradle.  .  : j 

Talking  circuir  (Operated:  Relays  A,  B,  D,  F:  and 
H,  and  the  VON  switch.)  The  talking  circuit  over 
which  direct  currcRTIs  supplied  to  the  callir^  and 
called  telephones  is  also  reterrjed  to  as  the  transmission 
circuit.  Figure  3-3  is  a  schematic  diagram  of  the 
talking  circuit  in  the  lOO-poiht  regular  cbhriector.  The 
calling  and  called  telephones  are  connected  by  a 
transmission  bridge  (or  capacitance- impedance 
networks  in  a  common  battery  system)  which  couples 


the  two  lines  for  the  transmission  of  voice  frequency 
currents  but  separates  ^he  two  direct-currerit  liries 
(talking  battery).  You  c^n  see  that  the  talking  circuit 
has  fo\jr  identical  impedance  coils  separated  by  two 
capacitors.  The  two  200-bhrii  windings  of  relay  A  are 
the  impedance  coils  which  supply  direct  current  for 
the  calj^g  teiephone;  the  two  260-oiim  windings  of 
relay  D  arc  the  coils  which  supply  direct  currerit  tor 
the  called  telephone^  The  Imcs  between  the  two 
telephones  are  connected  by  means  of  two  2- 
ffiicrofarad  capacitors  (FO  3),  which  is  the  capacitance 
of  the  capacitance-impedance  system.  One  capacitor  is 
cdnnectcd  in  seri«  with^he  +  side  of  the  callmg  line 
loop  and  the  other:>in  series  with  the  —  sicje  of  the 
calling  lirie  loop.  The  dircct-cuiTent  c|rc^^ 
and  D)  for  the  calling  and  called  lelephones  are  thus 
separated  by  the^  two  capacitors.  The  two  impedance 
coils  of  relay  P  are  bridg<^  acros^^ 
conductors  of  the  caUed  line  loop,  and  the  two 
^windin]^  of  relay  A  are  bridged  acrosi^e  and  — 
*cdriductors  of  the  calling^  line  loop.  The  impedance 
coils  offer  a  low  resistance,  (200-ohmsj  to  direct 
current  and  a  high  impedarice  to  voice  current 
(alterriating  currents  at  voice  frequertcies):  The  low 
resistance  of  the  two  windings  of  relays  A  and  D, 
which  constitute  the  separate  battery  supply  circuits  of . 
the  callirig  arid  called  llriis,  make5|ure  that  eachof  the 
transmitters  gets  enou^  battery  current.  The  high 
impedance  of  each  pair  of  windings  prevents 
alterriating  voice  currents  from  passing  through  the 
battery:  Thus,  the  battery-feed  impedancie  coils 
prevent  high-  trarismissiori  losses  and  keep  battery 
riois«  from  reaching  the  re« 

The  series  capacitors  allow  .voice  currents  but  do 
not  allow  direct  currerit  to  fib w  from  the  caljing  to  the 
called  telephone,  or  vice  versa^  When  neither 
telephone  user  is  speaking,  the  direct  current  in  the 
two  loops  fidws  steadily,  and  no  alternating  cu^^ 
flows  through  the  two  capacitors  of  the  transmission 
bridge:  As  the  speaker's  voice  vari«  the  resistance  of 
the  transmitter,  the  steady  dc  tfTroiigh  the  transmitter 
becomes  varying  dc.  The  flow  of  this  varying  dc,  in 
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Figure  3:3.  Talking  circuit  through  the  Ct>nncci(>r. 
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turn,  produces  ac  at  the  hvd  capacitors  and  through  the 
other  line  loop  to  reproduce  sound  ai;ihe  re«Miver.  In 
figure  3-3  the  solid  line  arrows  indicate  the  paih^d 
direction  of  dc  flow.  The  voice  purreriis  p^  through' 
the  series  capacitors  between  the  rsvo  telephones  but 
not  through  the  windings  of  rcilays  A^and  D,  because 
the  windings  are  inductive.  It  can  thus  be  seen  that  the 
two  telephone  lines  suj:^ lied  with  current  by  the 
transmission  bridge  are  split  at  the  feeding  points 
(relays  A  and  D)  of  direct  current  to  each  telephone, 
but  they  are  coujprted  at  the  two  capacitors  for.  the 
transmission  of  voice  currents.  -  ^ 

Exercises  (419): 

1.  Narrie  the  connector  relays  in  the  sequence  that 
ihey^  oj>eraie  to  connect  the' calling  telephone  line 
to  the  called  lii\e_^^     ,  ^ 


2.  Name  the  operated  relay  and  contacts  that  connect 
ringing  current  to  the  called  telephone. 


3:  Identify  the  relays  and  contacts  that  provide 


ringback  tone  {o  the  calling  telephone. 
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will  explain  the  sequence  of  relay  qper^ifen^^^  and 
release  CO vering  the  two  types  of  situations^hat  can 
occur  :5uring  release-r— first,  if  the  callirig  telephone 
userharigs  up  first;  second,  if  the  called  party  hart^  up 

firsT^  ,  ;^  .  [ 

(^iiin^  party  Ituin^sM  (Operated:  Relays  A.  B. 
D,  F.  arid  H.  and  the  VON  switch.  )  If  the  calling  pm^^ 
hangs  up^ first,  the  operating  circuit  of  connector  relay 
A  is  opened  at.  the  cradle  switch  of  the  calling 
telephone.  The  release  sequerice  is  shbwri-iil  figure  3-4 
arid  described  as  follows:  ;   

a\  .Relay  A  restores,  opening  the  circuit  to  relay  B. 

h.  Relay  B  remains  op^erate^  long  ^ough  to 
complete  the  opcratirig  circiiit  of  relay  ^/ 

c.  Wheri  relay  E  opcrate^^  it  locks  in  the, operated 
position  by  closing  its  contacts  5  and  6  and  opens  the 
.circuit  over  which  the  multiple  grourid  is  applied  to  the 
C  lead  (at  contacts  1  and  2  of  relay  E).  The  C  lead, 
however,  rcmains^grounded  through  contacts  5 B  and 
68  of  relay  H.  This  makes  the  cdririectbr  busy  to 
i ri com i rig  ca I ls>  Th us ,  the  co n n e^lo r  cann ot  be  seized 
by  another  call  until  the  called  party  hangs  up: 
Operation  of  relay  E  also  opens  the  first  opcratirig 
,  circuit  of  relay  H  a^  contacts  1  and  2:  Relay  H. 
-however,  rSnains   oi:>crated,  because  the  holding 


CALLING  PARTY  HANGS  OP 


'4.  Identify  the  cbnriecibr  oompbrierits  in  the  talking 
battery  circuit  for  the  calling  party: 


5.  Identify  the  connector  components  in  the  talking 
battery  circuit  for  the  called  party. 


6.  What  connector  action  provides  an  operator  a ' 
supervisory  signal? 


7.  What  type  current  -is  provided  by  the  connector 
for  the  telephone  receiver? 


CALLED  PARTY  HANGS  UP 
0 


420.  /^sing  foldoat  3*s  schematic  diagram,  and 
figures  and  3-5  as  required*  list  or  name  all 
devices  ox  circuit  actions  that  release  the  telephone 
equipment  following  completion  of  a  call; 

Release.  Wheri  the  cdnversatibri  between^We 
calling  and  called  party  is  completed,  both  handsets 
are  restored  to  their  cradles.  The  following  paragraphs 


Figure  3-4    Connector  release  sequence  when  the 
hangs  up  first. 


rls  mgt 


calling  party 


cit;cuit  Is  closed  through  its  X  cohiacts  and  its  1300- 
ohm  winding  to  idcking  ground  at  relay  B; 
:  d.  Relay  B  restores  and  rcmqv«»  its  holdiiig  grbuhd 
^dm  the  incoming  C  lead,  thus  releasing  all  the  other  f. 
switch^  in  the  train.  Release  of  relay  B  also  opens  the 
operating  circuit  of  relay  E.      :  - 

in  rstdring,  ^  relay  B  performs  the'  foiiowing 
functions:         \  _ 

J^^P^">  ^irs^  nniultiple  hbldihg  circuit  of 
relays  F  and  H.  They  do  not  restore  at  this  tjme,  since 
they  are.  held  opcratai  by  anbthcr  multiple  lockmg 
grbund  from  contacts  2  and  3  of  relay  D.      '   ,  " 

(2)  It  further  extencb  the  operating  circuit  of  the 
release,  magnet.  The  release  magnet  circuit  is  now 
extended  from  g^  and  1  of 
relay  As  through  contacts  2  and  1  of  relay  B,.and  up  to 
contact  5  of  jclay  0,  at  which  point  ihe-circuii  Is 
ihtemiptiwj.  The  re  lew  magnet  circuit  w^ 
completed  only  N^hcn  relay  D  r«torcs  after  the  called 
party  hangs  up.  In  other  words,  the  connector  will  be 
released  only  when  both  calling  and  called  parties 
disconnect; 

(3)  It  clos«  the  SUPY  NO.  2.ciraiit  from  ground 
through  contacts  2  and  1  of  relay  F»  through 
con^cts  2  and  1  of  relay  through  contacts  5  and  6 
of  relay  D,  over  the  SUPYT40.  2  lead,  and  throup  a 
supervisory  lamp  to  negative  battery  at  the  j»wer 
board:  This  action  lights  the  supervisory  lamp  td  show 
that  the  calling  telephone  has  been  disconnected. 

e.  Relay  E  restores  and  reconnects  the  C  lead  to  the 
C  ^yiI^r. 

Catted  porty  Hangs  up  ofter  jHey  catting  party. 
(Operated:  Relays  D,  F.  and  H,  and  the  VON  switch.) 
When  the  calling  party  hangs  up.  first,  all  of  t^e 
switches  in  the  train,  except  the  connector,  will  be 
released  by  the  release  of  relays  A  ancLB.  The 
cohhectdf,  however, ^i  11  not  be  released  as  l3hg  as  the 
called  tcleplidnc  handset  rcmains^off  the  cradle  switch: 
The  connector,  in  addition,  is  protected  from  being 
scized^by  another  selector  while  the  called  party  holds 
the  connection  because  of  the  operation  of  relay  E 
during  the  slow  release  period  of  relay  B.  (If  the  relay 
B  were  riot  slow  rcjcasing,  relay  E  would  riot  have 
operated, ^and  the  other  switches  in  the  train  would 
have  remained  operated  from  the  multiple  ground  of 
relay  H  ori  the  C  wiper.)  The  ojxjrauori  of  relay  E 
disconnected  the  grounded  C  wiper  from  the  C  lead 
for  a  fraaion  of  a  second.  This  is  long  crigugh  to  leave 
the  C  lead  lirigrourided,  so  that  the  other  switches 
migfit  restore: 

Rclay_  D,  by  the  multiple  locking  ground  at 
contacts  2  and  3^  also  hbldl  relays  F  arid^  H  operated. 
Relays  D,  F,  and  H  wilLnot  restore,  therefore, jjnti I 
the  called  party  hangs  up.Thus,  relays  Av  B,  and  D  are 
the  keys  tcD  the  release  of  ah  the  switches  of  a  switch 
train.  Here,  then,  is  the  cpndition  of  the  conrtector 
circuit  after  the  handset  of  the  calling, telephortcu^as 
been  restored  on  the  cradle.  One  ground  is  removed 


frprii  the  C  lead,  but  aribther  ground  jS  ikept  there  by 
relay  H.  Relays  D,  F,  and  1+ remain  operated;  and  the 
operating  circuit  of  the  release  riiagriet  is'  riot  yet 
complete,  Fiirther  action  does  riot  occur  iiriti  1  the 
called  telephone  user  disconnects:  When  the  called 
party  hangs  up,  the  ^berating  circuii  of  relay  D  is 
opened  at  the  cradle  Iwitbh  of  the  called  telephqn^^^ 
'  The  conneaor  now  release  in  the  following  manner: 
a  As  relay  D  restores  when  the  called  party  hangs 
up,  the  follbwirig  aw^ucrice  of  furictioris  dcciir,  as  may 
be  noted  by  referring  to  foldout  3: 

(1)  Relay:  D  removes  its  multiple  holding  ground 
frorii  relays  F and  H  by  bjjenirig contacts  2 Jmd  3^This 
remove  the  last  remaining  source  qjf  ground  from-the 
holding_circuiLof  relays  F  and  H,  . 

(2)  Relay  p  a^)cns  the  SUPY  NO.^  2  circuit  by 
openinjg  contacts  5  and  6:  This  turns  off  tfte 
su|3ervisbry  lamp  on  the  fxSwcr  board  to.  show  that  the 
called  party  has  hurig  uj>;   .   ______  _  .  _  _ 

(3)  Relay  D  also  r«ior«  the  polarity  of  the  palling 
line  leads  to  normal  to  prepare  for  the  next  call. 

(4)  Firially,  D  clbS4»  the  b|:«rating  circuit  of  the 
release  magnet  by  closing  its  contacts  4  and  5. 

?L*PL^y  H  nMtbr«  as  its  holding  circuit  is  removed 
when  relay  D  restores.  When  it  restores,  the  following 
functions  result: 

_  ( 1 )  Itdiscqrinects  the  and  —  sidfcs  of  the  calling 
line  loop  from  the  -h  and  —  normals  of  ihc  called 
line.  This  disconnects  the  called  line  loop  frorii  relay 

D.  . 

_  (2)  It  removes  the  ground,  at  contacts  SB  and  6B, 
frorii  the  C  wiper  and,  therefore,  frbrii  the  rtiultiplicd 
control  nonnals  of  the  called  line:  The  removal  of  this 
grouid  releases  reJay  L  of  the  caliwi  line  and  mak« 
this  line  idle  arid,  therefore,  free  tb  be  seized  by 
another  call  or  tg  make  outgoijig  calls: 
^  (3)  It  also  further  disconnects  the  ringing  circuit 
fro rii  the  ^  w i per ,  b jKris^  the  i  ri cb riigl etc  ri  ngback  to  n c 
circuit  from  the  —  side  of  the  calling  line,^and  doses  a 
part  of  the  operating  circuit  of  relay  G.  This  prepares 

the  busy  test  ci  rcui  t  fb r  the  ri ext  caj  1 .     

c:  When  relay  F  restores,  the  following  functions 
occur 

( 1 )  It  closes  a  part  of  the  ringing  and  ringback  tone 
circuit  in  readiness  for  the  next  call.   

(2)  It  opens,  at  its  contacts  10  arid  1 1,  the^SUPY 
NO.  I  circiiit. 

(5)  It  further  opens  the  called  line  loop  to  relay  D. 

^d.  Upon  the  closing  bf  its  bpcratirig  circiiit 
b,  the  release  magnet  operates  and  allovys  the  shaft  and 
wipers  to  TCturn  to  riorriial  by  the  abtibri  of  the  helical 
shaft  spririg  and  gravity.  When  the  release  magnet 
operate,  it  also  operates  a  release  alarm  relay  which 
gives  an  alarm  if  the  connector  fails  to  return  tb 
ribrrtial^ 

e:  The  return  of  the  switch  shaft  to  its  normal 
position  restores  the  VON  switch  and  thereby  opens 
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the  operating  circuit  of  the  release  magnet  at  springs  1 
aiid  2,  ^  _  r 

■  JF.  Release  magnet  restores.  Opening  the  operating 
circuit  of  the  release  magnet  ^uses^e  release  magnet 
lo-fftstore.  The  connector  is  now  released  and  free  to 
be  seized  by  another  call. 

Calied  party  hangs  ^'^^  (Operated:^  Relays  A,  B, 
•t),  F/and  H;  and  the  VO?SI  switch.)  When  the  called 
p^y  hangs  lip  first,  the  called  line  loop  is  opened  at 
the  cradle  switch  of  the  called  lelephdne,  opening  the ^ 
operating  circuit  of  relay  D.^The  sequer^ce- of  release 
when  the  called  party  hangs  up  first  is  shown  in  figure 
3-5  and  explained  in  the  following  paragraphs: 
I  ^^^^y  P_  |s  restored  after  the  called  line  loop  is 
opened  by  the  replacing  of  the  called  telephone 
handset  on  the  cradle  switch,  f^elay  D,  in  restoring, 
peffdrrhs  th"e  followmg  funciiMis: 

(1)  it  reverses  the  ground  and  rregative  battery 
connections  of  the  +  and.  —  sid^  of  the  ^ling  line 

'  loop  back  to  normal  jx>larity^  is,  it  removes 

ground  from.and  rwonnccts  negative  battery  to  the  — 
line  and  removes  n^ative  battery  from  and  connects 
grduhd  to  the  -}-  line  of  the  calling  line  loop.  ^ 

(2)  It  opens  contacts  2  and  3  to  remove  a  multiple 
ground  from  the  holding  circuits  of  relays  H  and  F. 

H  aiid  F,  however,  r^cmain  dp>erated  from  a 
second  ground  at  contacts  4  and  5  of  relay  B: 

(3)  Contacts  l  and  2  make  to  complete  the  SUP Y 
NO.  J   circuit.  This  circuit  extends  from  grduhd 
through  contacts  2  and  i  of  relay  D,  through  contacts  ' 
1 0  and  11  of  relay  F,  and  over  the  SUPY  NO.  1  lead  to 


CALLED  PARTY  HANGS  UP 
CALLING  PARTY  HANGS  UP 


a  supervisory  lamp  .'in  the  powec  board  to  show  that 
the  called  party  has  hung  ijp  (FO  3). 

Catiing  parry  hangs  up  after  the  called  party. 
(Operated:  Relays  A.  B,  F,  and*  H,  and'^ihe  VDSJ 
switch.)  Wherv  the  called  tdephdrie  handset  is  the  first 
to  be  replaced  on  the  cradle,  only  relay  D  r^tores  The 
release  magnei's  operating  circuit  is  still  opened  at  the 
contacts  of  relays  A  and  B.  The  connector,  there'fipre, 
retriffins  operated  until  the  calling  party  hangs  up: 
Thus^  the  connector  releases  only  after  the  fasti 
te^ephdrie  user  (either  the  calling^  dr  the  cSlled  party 
hangs  up  When  the  calling  telephone  user  disconnects 
sfiortly  after  the  called  party  has  already  disconnected, 
the  resulting  release  sequence  generally  follows  that 
outlined  in  (1)  and  (2)  above,  with  the  following 
exQCpiions:  Wh^p  relay  B  restores »  it  removes  ground 
from  the  C  leatfTbut  the  C  lead  remains  grounded  from 
contacts  6B  and  5B  of  relay  H.  However,  when  relay  B 
restores,  it  opens  contacts  4_and  5_  to  remove  the  . 
hdldihg  grduhd  from  relays  H  and  F;  then  relayscH 
and  F  restore:  When  relay  H  restores.  It  removes  its 
multiple  ground  from  the  C  lead,  alljowing  the  other 
switches  in  the  switch  train  to  release. 

Exercises  (420):  ^ 

1 .  List  the  relays  in    Strowger  connector  circuit  that 
ate  operated  for  the  duration  of  the  conversation: 


2.  List  the  relays  (in  sequence)  in  a  Strowger 
99Dh^*^r  circtiit  that  release  when  the  calling 
party  hangs  up  first.  . 


3.  List  the  relays  in  their  release  scque^e  for  a 
Strowger  connector  circuit  when  the  called  party 
hangs  up  last. 
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4.  List  the  Strowger  connector  relays  in 'their  release 
sequence  when  the  called  party  hangs  up  first 


Figure  3-5.  Connector  release  sequence 
hangs  up 


)uence  )/hcn  the  a 
first;  /  \ 


ERIC 


lied  party 


5.  Name  the  connector  relay  contacts  that  complete 
the  supervisory  disconnect  lamp  circuit. 


421 .  Using  foidoat  3''s  connector  schematic 
diagram,  and  Tigiire  5-6  as  tiecessary,  determine* 
those  cbmpohehts  or  circuit  actions  which  indicate 
that  the  called  line  is  basy. 
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Called  Line-Busy.  Durmg  rotary  stepping,  relay  E 
remains  operated  because  of  its  slow  re  leas 
Relay  E  compicie  the  operating  circuit  of  relay  G: 
The  winding  of  relay  G  Is  thus  connicttd  to  the  C 
wiper  during  TO tai7  stepping,  m  [f^i^i  ^i^^^^^ 

"  the  dialed  line.  As  die  C  wiper  is  stepped  to  the  dialed 
*  line,  it  may  pass  over  oc«ltacts  of  idle  Vin^.  Even  so. 
xhese  lines  will  riot  bne  ^>z_ed^  J^^^ause  relay  E  js 
operated:  The  operating  circuit  of  relay  H  remains 
open  at  contacts  1  and  2  of  relay  E  until  ti)c  wipers  arc 
stepped  io  -the  bah k  c^ tacts  of  the  d i ajcd  I  i  n c ,  at 
which  time  relay  E  rotor«  and  transfers  the  C  wiper 
from  the_  winding  of  relay  G  to  the  125-phm  winding 
b  f  re  lay  H .  Tl^  wi  f>ers  arc  th  us  stcppM^  fmt  the  bah  k 
contacts  of  lines  other  than  the.  called  (which  is 
dctennihcdl>y  the  last  digit)  line. 

As  the  wipers  step  l^crp^  the  dialed  Ir^e^^^  l^cy  jnay 
pass  over  connector  normals  of  iin«  that  are  busy 
(ground  on  the  cbnirol  bank).  The  operating  circuit  of 
re  lay  G  wi  1 1'  be  cb  mpl  c  tcdv  ^ch  ti  me  a^  busy  1  i  n  c  *  is 
passed  over.  Relay  G  will  operate  and  restore  for  each 
busy  (grbundcd)*  contact  passed;  over  by  the  wipers. 
Rotary  stcppirig  occurs  rapidly  that  relay  G  will  hot 
have  time  to  operate  long  enou^  to  return  busy  tone 
tokthc  calling  party.  Busy  tone  will  be  returned  to  the 
.  calling  line  by  lelky  G  only  When  the  arc 
stepped  to  the  bank  contacts  of  a  dialed  lineTcomc  to 
rest  at  those  contacts,  arid  find  ground  oil  the  coritrol 
normal  of  that  IJhc^  After  the  last  pulscjff  the  UNITS 
digit  of  the  dialed  telephone  number  ha/been  received 
by  the  rotary  magnet,  the  wipers  cortfc  to  rest  bri  the 
bank*  (^h tacts  of  the  dialed  line.  K^clay  A  remains^ 
operated, to  open  the  operating  and  holding  circuits^ 
relay. E  and  the  rotary  magnet.- 

The  segucncc  of  relay  operation  for  returnitig;  busy 
tone  to  the  called  line  if  the  calicd  line  is  busy  is  shown 
in  figure  3-6  arid  ihcTollbwirig  paragraphs: 

Relay  A  remains  operat^  over  the  calling  lobp. 
(Operated:  Relays  A.  B.  and  E,  and  the  VON  switch.) 
Relay  A.  by  remaining  operated*  locks  grpU rid  through 
Us  2  and  3  cbRiacts  to  hold  relay  B  operated.  Relay  B. 
because  of  its  slow  releasing  action,  did  not  restore 
during  the  pulsing  of  the  last  digit  scries. 

Relay  £  remains  operateid.  (Operated:  Relays  A.  B, 
and  E.  and  the  VON  switch  )  After  its  operating  and 
holding  circuits  are  bpcried  by  reliy  A,  relay  E  hblds 
itself  operated,  during  which  time  it  connect^  relay  G 
to  the _C  wiper  through  contacts  2  and  4.  This  pcmiits 
relay  G  lb  make  a  busy  test  of  the  called  line.  When  the 
called  line  is  busy  (C  wiper  contacts  ground  on  the 
control  normal  of  tfllcalled  line),  the  operating  circuit 
of  relay  G  'is  corhpBtied. 

Rriay  G  operaies:  (Operated:  Relays  A,  B,  and  E; 
and_  the  VON  switch.)  When  relay  G  operates  it 
performs  the  followirig  furiciibris:  ^ 

a.  It  partially  completes  its  own  holding  circuit  by 
locking  to  ground  at  relay  B  and  by  closing  contacts  4 
arid  5,  >  ^ 

b.  It  completes  the  circuit  over  which  busy  tone  is 
returned  to  the  calling  party. 


c.  It  further  opens  the  qperaiirig  cfrcuit  of  relay -E 
arid  the  rbtaiy  magnet  by  dpeni*'g  contacts  1  and  2r 
iit!iay  E  restores.  (Operated:  Re  jays  A.  B.  and  G. 
arid"  the  VON  switch.)  Because  of  its  slbw- releasing 
feature,  there  js  a  delay  during  Which;,  relay  £ 
completes  the  operating. circuit  Of  rela^^  to  ground 
on  the  C  wiper  After  this  delay,  relay  E  restores  and 
pcHbnhstlK_  follow  ,  ' 

'a.  it  completes, a^  holding  circuit  for  relay  G  jPth? 
called  line  bccojhfc  idle  while  busy  tone  is  being 
risitirncd  tb^^Se^lling  iclephone  busy  tone  will 
continue  to'Se^eard,  bepause  relay  G  is  locked  in  the 
operated  ix)siiion.  Since  relay  G  remairis  operated 
"njijJJi*^  P^uty  han^  tip  and  relay  B  hasn't 

restored  to  remove  locking  ground  from  the  winding 
of  rcIay^G.  relay  H  can  riot  bperatc  iind  extend  J:hc 
cajling  line,  to  the  oilled  line:  The  opferaiing  circuit 
throu^  the  125 -ohm  winding  of  relay  H  thu5  rfcrnains 
ppencdai  contacts,  3  arid  4  bf  relay  G  as  Jong  as(  re[ay 
G  islield  operated^  A  connector  cannot,  therefore,  cut 
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f-igurc  3 -ft   Connector  operation  sequence  when  the  uillcd  line  is 
bujy 
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in  oft  ja  busy  line  which  becorpes  idle  during  the  return 
of  thclbusj^  tone.  (Dnpc  busy  torie  is  heard  in  the  caljihg, 
telepht^n^^^tiangih  up  aiid  redialing  of  the  caHcd 
tcicphdne  tiumber  are  ifec^sary  obtain  connections 
with  a  line  that  was  busy. 

b.  li  further  bp<;hs  lU  d>^7i  multiple  ho  [ding  circuit 
-and  that  of  th^  roti^  thagnct'by  opening  contacts  5 
-and_6/       ..^^  '       '  ' J  ■  v;.      '  ■  :  :  ' 

ReVease  frojn  M  called  pne   busy  cohneajdn.* 
*(<5l>cratcxl;;  Reliys  A,  B^and  G,  and  iHe  VON'switqh:)- 
When  the:  calling  telephone  user  hangs  up  after 
receiving  busy  tone,  the  calling  line  loop  is  opened  at 
the  cradle  switch,  thereby  opening  jh«*  opcratytg 
circuit  of  rcfey'A.  When  .rilay  A^rwtpr^ Jt  bpSsns  the 
operating  ci^quit  of  Tclay^     When  fc 
dpens'tfte  losing  ciroiit  of  rclax^^jS- ahd  disconnects' 
Aground  froSy  thb.C  jca^.  \Vhen_  the  locking  ground  is 
dikx>nhecteti  at  relay  B,'  fe lay  G  riestora  arid,  in  turn, 
dj^onn^ts.bjssy  tone  from^hc  caiiing  telcpl^onef^At 
tht  same  time;  the  release  since  itsV 

*  dpcraUhg  cafcuit  was  (xmpttted  by  the  rcliMise^qf 
teliys  A^  and  fi'  Operation  of  Sie  release  magnet 
return^  "the  sHaft  ^d  'wipers  to  .normal  by  the 
combihcci  acuoh  of  the  hcliqa^l  ijwft  s^^^  an^  gravity. 
As  the  staft  retarns  to  vertical  normal,  tfie  .VON 
sWitcb  rtle^scs  the  rctewc  maj^et.  The  conneaor  is 
now  fri^  to  be  seized  b^  aAbthcr  call. 

Exerelies  (f421):     /  ^  -  ' 

1 .  *  Wicn  the  calling  number  is  221^  aijfd  the  calle^ 
nufiibcr  6930  is  busy,  what  connector/ bank 
contacts  operate  ihc  G  relay? 


2-  l^Jinlc  the  bpcfatcd  connector  relays  which 
/  .  provide  busy  tone  to  the  calling  telephone. 


3.  What  procedure  is  required  to  release  the  Stbwger 
equipment  following  return  of  busy  tone? 


4.  identify  the  Strowgiff  connection  circuit  relays  in 
'  the  release  sequence  f6J lowing  receipt  of  busy  tone 
and  subscriber  hangup: 


not  be  noted  for  a  period  of  timo^  Yet.  some, 
equipment  is  cpmrtibn  to  all  the  connectors;  therefore, 
when  it  is  fXi^mg.  all  the  c<Minecidrs  appca^^ 
defective:-  Again,  then:  you  should  recognize  that  it  is 
important  that  you  analyse  and  isolate  each  trbuble  by 
stiidj^ihg  to  CirCuit(s):  and  reddling. th^ir  dperatiofiar 
fuipctions  and  indi^^ual  differences. 
■■^'±-  ■     •  .         I:      ■     :  ... 

422.  Gtyei^  select^  cojihectof  ^^uif  tfietit^  trooble 
si^ptoms  and  using  .^oidoql  3*s  schematic  diagram, 
d^terniiiie  the  probable  oiiKes  of  trcMfble  aiid  state 
the  corrective  actioin  needed  for  each  situation. 

Assume  that  ybu  have  a  report  of  no  iringback  tone. 

,   One  questibn  that  oDuld  bei^edjs;*pid  this  9^^^  at 
only  one  tele^hone^^ach  time  tfie  subscriber  Originates 
a  cafl?"  Or,  '  Did  the  report  indicate  that  thii^ccurred} ' 
<5n1l>'^§ncc  m  10  aij      Or  "Did  the  fg>prt  indicate 

v^vSat  this  addition  exists.for  all  telephones?"  ' 

•  Analysis?  of  the  latter  qii^tioii  shbufd  reveal  th^t_ 
thjs''s^ptbm  j^birid  in         ^bat  thjp  ringiiig  source  is  ' 
defective,  since  ringbaclc  tone  is  provided  by  the  same 
source  that  provides  rihgihg  current.  But  the  report  did 
ribtj  &ay  jhat  sub^ibei^  ooujd  ndt  be  signaled 
Accordingly,  the  third  question  considered  is  not 
probable.  • 

1^  ^J^L^¥^^?^D  is  ^likewise  not  too  probable 
because  a  subscriber  telephone  is  served  by  many 
cbrihectore  and,  therefore,  the  calls  he  m^cs  ai'e 

•  <»inpleied  by  vario^^^  It  is  not  likely  that 
a(I  _conn«^ors  have  the  same  defect. 

Having  looked  at  some  bf  the  trouble^fx)^ibilitics, 
then,  we'll  gb  back  to  the  original  report  and  assume 
that  the  defect  is  in  the  connector  represented  by 
foldbut  3.;  What  relay  'contacts  jn  this  circuit  arc 
probable  causes  for  the  trouble  symptom  noted?  You 
should  see  that  dirty  or  maladjusted  contacts  3B  and 
4B  of  rclay  'H  and  8  and  9  bf  relay  F  could  {Jrcvcht 
ringback  tone  from  being  heard  at  the  calling 
telephone.  If  you.  do  n't,  trace  the  path  through  which 
ringback  tone  is  fed  to  the  calling  phbne. 

Exercises  (422): 

yj*JpJ<lbiit  3  and  the  text  information  to  deterrnine  a 
probable  trouble  for.  each  of  the  following  r'feportcd 
trouble  symptoms.  Identify  an  appropriate  corrective 
action,    ,  , 


1. 


A  connector 
rotary. 


sicps  vertically  but  fails  to  step 


J-3.  Troiib^shootihg  the  Connector 

Since  there  are  many  multipled  connectors  in  a 
Strowger  switching  center,  a  trouble  could  exist  and 


2  Called  party  answered  but  the  calling  party  could 
not  hear  him. 
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CHAPJER  4 


Alarm  and  Supervisory  and  Power  and  Ringing  Equipchent 


THE  NEED  for  power  in  a  teiq)hone  system  is 
obvioiu;  jK)methihj  cl^  that  is  required  that  is  not  so 
obviotu  is  a  way  to  monitor  the  condition  of  certain 
parts  of  the  system. 

:  1P_  the  power  Mjuipmeht 

found  in  Strowger  central  office  and  the  alattn  and 
supervisory  circuitry  that  monitors  equipment 
operation  to  wam^  problems  by 

means  of  visual  and  audible  alarms. 

4-i.  Alaiiii  aiid  Sapei^isdi^ 

Automatic  cemrai  offices  are  provided  with 
eqaymieht  for  giving  alarms  if  a  ndhstahdard 
condition  arise.  The  alsuim,  both  aud^lj>l|^d  visual, 
indicate  the  type  of  condition  and  the  gentrkl  location 
*df  the  fault. 

When  an  abnormal  CDndition  develop  in  the 
switching  eqUipm^t,  an  audible  alarm  sounds  and  a 
^JSl^  L^^ny'  Jl^^  on  the  ceiling  panel  or  on  the  end  of 
a  bay  of  switches.  In  the  case  of  a  ccilirig^nel,  the 
lamp  indicates  by  its  color  and  designation  the  type  of 
^^™:J^]i  the  rramjcs  in  wh^^  the 

trouble  a  located.  Each  shelf  in  the^y  or  g^oiip  of 
frames  has  it&  own  alarm  and  fuse  panel.  If  the  lamp  is 
io<atel  on  the  end  of  a  J:^y  of  switches,  it  does  riot 
n<xessariiy  indicate  the  type  of  alarm,  but  the  shelf 
alarm  signals- dp  indicate  the  specific  cause  for  the 
alann.  The  audible  alann,  iii^ either  caws,  indicates  the 
general  type  of  condition:  A  sigrfal  "scheme  is 
employed  which  guidey  theT|ppainnan  to  the  particular 
bay  and  then  to  the  shelf  iin'  which  the  trouble  is 
iocatMl. 


fuses  and  the  supervisory  relays  on  the  switching 
equipment  shelves^.cbri|r^{t  all  of  the  signal  and  alanff 

circuits:    '   _ 

IndVcator'aiarm^fi^^.  Special  fuses  used  in 
tejc^pne  central  office  power  circuits  aredaigned  to 
coniplete  ui:  extenial  jilanh  circuit  "^en  ^^thp  /u^ 
operates  because  of  an  overload.  These  indicator- 
alM*Tl/u^_are  J^ually  iri  1-,  3%  arid  5- 

ampere  rating.  In  circuia  which  require  higher  fuse 
ratiri^i  standard  fuses  are  used  with  an  indicator- 
^ll^  .fu^J^lrinea<^  so  that  it  operates 

when  the  larger  fiise  blows.  Figure  4-1  iilustratas  both 
a  good  arid  a  blown  fuse. 


Slghdl  group,  A  signal  ^up  for  alarm,  arid 
su|:^rvij^ryj>uj^^ j^lisists  of  aj)^yi>f  arow  of  bays 
of  switching  equipment.  For, each  sipial  group,  three 
relays  are  riiburiteid  6ri  the  power^ard,  see  foldout  4, 
Th»e  relays  vfor  eight  signal  groups  arp  desi^at^ 
release  pickup^  (RLS  Rtlj  C-l  to  €-8,^  felease  alOTi 
(RLS  ALM)  C-l  1  to  C-18,  and  fuse  C-21  to  C-28, 

Switching  ^^P>^^tJ^W  ft4^  and  signat  panels. 
Each  equipment  shelf  QKtn^iy  mounts  a  fuse  panel 


FUSE  WIRE 


A.  3  AMP  INDICATOR  FUSE 


423*  Usii^  ngnm  4>1  to  4>J  as  nec^siry^  give  tlie 
pw|me  of  Sirdfipr  alann  ^d^m^l^Mj  drc^ 
and  idcttHfy  tbejrcliiys  in  signal  ipronp  t;  the  length 
of  OM.  tiniiii  circuit  ^<JeJ!^gHiitere^  piiis  grdund 
pqta«  TIME  k  a»F2  of  the  ^pei^lscMry 

circvit,  the  jronml  pdaes*  tinie'  dttnUion,  and  the 
i.mp<|ra  nttin^        indicator  alarm  tees  in  a 
Sirowger  central  office. 

_  AlaHn  ««!  SnpervisMMry  Equipiiieiit.  The  relay 
groups  mounted  on  panels  on  the  back  of  the 
powerfooard  in  conjunction  with  the  indicator-alarm 
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 ^ 


Fifiire4-2.  Typial  ihelf  nipemtdiy  limp  pDid. 

and  a  signal  panel,  or  a  cbmlnpatidh  of  the  two,  which 
serve  the  <?ircuits  ai^d  switch^  mounted  on  the  shelf: 
The  indicator-aiarm  f^ses  on  the  fuse  panel  and  relays 
imd  lamps  oh  the  signal  panel  functiph  yath  th^^ 
^s^a^  relays  on  the  p^^^rbovdjo  bring  tn  an 
alarm  and  supervision  il  an  abnormal  ocihdition 

within  that^lf.  The  lamps  indit^te  by 
cplbrJlK^yj^of  ibfionMl  ^ndition  that  exists  within 
the  dffeif ^Refo  to  figures  4r2  and4-3.    _  _ 

There  are  two  type  of  central  office  alarms:  majctf; 
and  minor.  The  miuor  alarm  is  ah  immediate  alarm 
requiring  itteiHiOT  11     iibw.  Ttife  minor  alarm  ram 
nqimBl^  5»ndi^^  -after  a  certain  time 

period  becomes  a  trouble.  The  timing  circuit  for  the 
minor  alamis  is  cbiitrblled  periodic  ground  pulses 
salt  from  the  interrupcm  a||^  ringing  machines.  • 

timing  ciryniit  The  time  cbhtrbl  relays  arc 
instantly  dK^ng  to  ^  a 
nsBA  for  an  alarm.:  The.time  leads^desig^ted  TIME  i 
and  TIME  2,  originate  at  the  ringing  machine 
ihterriijxers.  The  oum  on  the  ringing  machine  place  a 
ground  on  TIME  1  and  TIME 2.evwy  5  seconds.  The 
timing  relays  are  wired  to  give  ah  alarm  after  the 
trouble  has  b6OT  to  19.5 

seconds.  The  timing  diart  is  given  on  foklout  4. 

The  pulses  have  a  duration  of  one-fourth  second. 


30? 

TIME  2  pulse  com^  4  »/4  seconds  after  TIME  1  pulse 
goes  off.  TIME  1  pul«e  follows  TIME  2  by  bhe-fpurth 
iebond,  iuid  the  cycle  rep»ts  itsc|f.  T^^^  P^I^^^S 
continue  as  tbng  as  the  ringing  machine  is  running. 

ExcrclMS  (423): 
ir  What  relays  make  up  signal  ^up  number  1? 


2.  >\liat  is  the  length  of  one  cycle  of  the  timing 
.circuit? 


3.  What  equipment  places  ground  pulses  on  the 
TIME  1  and  TIME  2  of  the  supervisoiy  circuit? 


4.  What  is  the  time  duration  of  the  ground  pulses? 


What  ampere  ratings  are  the  indicator  alarm  fus^ 
used  in  a  Strowger  central  ofTice? 


6.  What  purpose  does  the  alarm  and  supervisory 
circuit  serve  in  a  Strowger  central  office? 


4-2.  Alai^  aiid  SopM^isbi^ 

Now  that  we  have  looked  at  the  components  of  the 
alarm  and  sufMviibry  circuit,  get  fbldbtit  4  but  and  let 
tis  m  how  this 

The  fitit_  alarms  that  are  doctnsed  are  delayed 
(minor)  alarms  and  necQuitate  the  use  of  the  timing 
circuit.  In  the  Ibwer  left-hand  obrner  of  the  foldout. 

424.  lising  fbidbii  4*8  icicmiRic  di^rini,  RfcHti^ 
Hie  ictlMi  tlw^cir  in  tke^ilim  and  iqiervlso^ 
cii^ti  jteliV  m^or  Md  flslnor  daim  conditions 
a^  itatetlM  pnrpNmbf  reiNTcae^^  relay  contact 
»d  bf^tbe  cspicitdrs  connccled  In  parallel  with 
relay  39. 

Minor  Alarm,  kelMfie,  Pn'maneat,  or  Uneflnder 
Start.  Hioe  are  dt\v^  alarms.  This  type  of  alarm 
starts  out  as  a  normal  circuit  pbhditibn,  that  after  a 
given  jeriod  of  tirne  b^^mes  abnormal. 

Tlfi^  i  ^  en.  Ground  of  the  TIME  1  lead 
operates  to  B*6  relay.  When  the  B-6  relay  bperates,  the 
following  occur:  __  _  ^_  _ 

a.  ilelay  B*6  opggm.  Contacts  1  and  2  open  the 
TIME  2  lead.  C6nt&^  and  4  close  the  draiit  tb  the 
B-8  relay.  Contacts  5  md  7  make  and  hold  the  circuit 
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Figure  4-3.  Typiaiftheif  superviibry  Janip  paiiel: 


to  the  B-6  relay.  Contacts  6  and  7  open  the  original 
operating  path  for  B-ijS. 

b.  Relay  B-8  operates.  Contacts  1 T  arid  2T  prepare 
a_path  for  the  operation  of  C-1  and_  C-7  relays^ 
(Operate  the^C- 1  or  C-7  if  there  is  a  grotihd  on  the 
relesse,  pwrn,  and  llncfiridcr  start.)  Contacts  3T  and 
4t  preparc^M|irto  the  C-2  and  C-8  reia^^.  Contacts 
5T  arid  6T  prepare  a  path  to  the  C-3  relay.  Contacts 
I  B  and  2B  prepare  a  path  to  the  C-4  relay.  Contacts 
3B  and  4B  prepare  a  paUi  to  the  C-5  fclay.  C^^ 
5B  arid  6B  prc^e  a  path  to  the  C-6  relay.  At  this 
time,  the  B-7  relay  has  its  winding  eriergiziKi  Jri  the 
opposite  direction,  prcycnting  it  from  operating.  I 
TIME  I  off.  Ground  is  rcrnovcd  from  the 
TIME  1  lead  arid,  cons«iucritly,  frprii  the  Jowcr 
winding  of  the  B-7  relay.  The  B-7  will  now  operate 
*  frbmjiround  at  the  5  and  7  contacts  of  the  B-6  relay. 
Contacts  I  arid^  open  the  circuit  to  the  lower  winding 
of  B-7  .relay.  Cdritaicts  2  and  3  prepare  the  shunting 
j3«th  to  the  B-6  rcljgr.  Conucts  4  and  5_x)pen  the  circuit 
to  the  B-8  relay  and  it  releases,  TIME  2  goes  on  and 
off,  but  serves  no  function  at  this  time. 


relay:  Contacts  3  and  4  further  open  the  operating  path 
of  the  B_-8_relay.  Contacts  5  arid  7  open  the  hojding 
of  B-7  arid  B-6  relays.  Contacts  T  and  6 


TIME  I  on.  The  ground  on  the  TIME  1  lead  is 
placed  on  the  upjw  winding  of  the  _B-6,  causing  it  to 
release.  Contacts  1  and  2  prepare  the  path  for  the  B-9 


complete  the  ground  from  the  TIME  1  lead  to  the 
lowe^  winding  of  B-6  arid  the  upper  winding  of  B-7. 
The  B-7  relay  wMI  suy  operated  until  the  ground  is 
removed  from  the  TIME  1  lead. 

TIME  1  off  Ground  removed  from  the  TIME  1 
lead  allows  the  differential  criergizirig J)ath  of  the  B-6 
relay  to  be  remdvod.  The  operating  path  of  the  B-7 
relay  is  opened  and  it  releases. 

Relay  B-7  rclcsEses;  Contacts  1  and  2  prqpare  the 
path  for  the  B-1  when  TIME  L  again  places  a  ground 
on  this  circuit.  Contacts  2  and  3  open  the  circuit  to  the 
upper  winding  of  the  B-6  relay.  Contacts  4  and  5 
prepare  the  circuit  to  the  B-8  relay  when  the  B-6 
operates  again. 

TIME  2  on.  Ground  on  TIME  2  lead  operates  the 
B-9  relay.  _   

Relay  B-9  bp«raties^  Thc^dntacts  of  the  B-9  relay 
partiaHy  complete  the  operating  path  for  the  RLS 
AfcM  relays.    i  _ 

TIME  2  off.  Relay  B-9  release,  and  ics  contacts 
remove  die  negative  potential  that  was  prepared  for  the 
RLS  AtM  relays.  This  completes  one  complete  cycle 
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arid  takes  apprbximat^^^^  let's  say 

that  we  have  a  groand  coming  from  a  release, 
permanent,  or  lincfindcr  start  lead.  This  grpuhd  is 
extended  through  the  14_00-ohm  arid  the  12.5-ohm 
rsistancc  of  the  RtS  Pb  relay,  the  5  and  4  contacts  of 
RLS  PU  relay,  t9  the  make  contact  of  thtt  B«8  relay. 
When  TIME  J ^dcs  on,  B-6  will  operate,  and  its 
contacts  will  operate  the  B- 8  relay,  which  wiil  operate 
the  RLS  PU  relay  which  will  lock  up^ 

fl.  Relay  RtS  Pb  operates.  Contacts  t  and  2 
prepare  the  operating  path  to  the  RLS  ALM  relay. 
Contacts  4  arid  5  open  the  operating  circuit  of  the  RLS 
PU  relay:  however,  the_make-before-brcak 
combination  will  prevent  the  RLS  PU  from  relcasirig. 
Contacts  3  arid  5  close  the  holding  path  to  the  feLS  Pb 
relay.  At  this  point,  there  is  no  alarm  bccausc^  of  the 
resistance  of  the  RLS  PU  relay.  Wheri  the  RLS  ALM 
relay  operates,  the  visual  and  audible  alarm  will  be 
activated:  The  RLS  ALM  relay  will  not  operate  until 
TIME  2  places  a  ground  bri  the  B-9  relay  and  it 
operates.  (If  the  troupe  is  cleared,  the  RLS  Pb  will 
release  Ijcfore  an  alarm  is  received.) 

h  Relay  B-9  operates.  All  the  make  contacts  either 
prepare  or  make  a  path  to  the  RLS  ALM  rclayl. 

c.  Relay  RLS  ALM  opiates.  Contacts  1  ^d  2 
complete  the  circuit  to  light  the  shelf  lamp^  Co"J?ctsJ3 

^?lPl?^^  circuit  to  the  C-34  relay^  Contacts 
5  and  6  short  the  HOO-ohm  winding  of  the  RLS  PU 
relay  and  places  the  12.5  ohms  in  scrijM  with  the  she ^^^^ 
lamp,  and  it  now  lights:  Contacts  7  ancfe^ complete. the 
holding  path  to  the  RLS  ALM  rclay^he  RLS  ALM 
and  RLS  PU  relays  will  remain  dpefated  until  the 
trouble  is  cleared:     «  : 

d.  RelayX)-34  bpcrates.  Cbritacts  4  arid  5  cofriplete 
the  circuit  t^  the  minor  alarm  buzzer.  The  audible 
alarm  is  now  activated.  The  B-9  relay  should  have 
released  by  this  Umc,  but  B-6,  B-7^  B-8,^  B-9 
continue  to  pulse  and  test  for  other  troubles; 

Relay  RLS  PU  releases.  When  the  trouble  is 
clcarcsJ,  the  ^ound  is  removed  from  the  lead,  coming 
from  the  shelf  a^uipmcnt  and  releases  the  RLS  PU 
relay.  Cbritacts  1  arid  2  further  open  the  RLS  ALM 
relay  circuit:  Contacts  3  and  5  open  the  circuit  to  the 
RLS  ALM  relay,  and  it  releases. 

__  /_  R'Cl4y_  RLS  ALM  rc]cas«^  Contacts  1  arid  2  open 
the  circuit  to  the  bay  lamp.  Contacts  3  and  4  open  that 
circuit  to  the  C-34  relay,  allowing  it  to  release.  The 
other  cbritacts  bf  the  RLS  ALM  relay  have  rib  function 
at  this  time. 

g.  Relay  C-34  releases.  Contacts  4  Juid  5  bpen  the 
circuit  to  jhc  buzzer.  The  circuit  is  restored  to  its 
normal  condition. 

Hexjt  coil  blows.  When  a  heat  coil  ]s  blown  on  the 
main  frame,  a  circuit  is  completed  from  ground 
through  the  MDF  pilot  lead  and  operates  the  C-35 
relay. 

a.  Relay  C-35  operates.  Contacts  1  and  2  place  a 


ground  on  the  C-34  relay,  and  the  C:35  operates  to 
bring  a  riiinpr  alarm  buzzer.  Cbritacts  3  arid  4  place  a 
ground  on  the  MDF  lamp  and  to  a  buzzer  located  on 
the  main  frame.  The  circuit  will  remain  in  this  state 
until  the  heat  cbil  is  replaced. 

b.  Relay  C-35  releases.  When  the  heat  coil' is 
replaced,  ground  is  rein bvcd  from  the  MDF  pi|ot  lead 
and  the  C-35  released:  Contacts  i  and  2  open  the 
circuiLto  the  C-34,  causing  it  to  release.  Upon  release, 
the  C-34  turns  bff  the  audible  alartn.  Contacts  3  and  4 
extinguish  the  MDF  lamp  on  the  power  board  and  cuts 

'  off  the  buzzer  on  the  main  frame, 

Mftjor  Alarm  Fiise.  A  fuse  pane]  with  iridicat^^^ 
alarm  fus^  is  mounted  on  the  relay  rack,  attendant's 
cabinet,  and  test  d^k.  The  alarm  buzzer  on  these 
pane  Is  is  cbri  riected  th rb ugh  the  a larrii  c ircui  ts  ( lanrp 
and/or  relays)  to  the  alarm  circuits  on  the  powerboard: 
!f  an  alarm  fuse  on  this  equiprncnt  blows,  a  major 
alarrii  is  indicated  by  a  red  Jarflfj  on  the  «qiijprricnt 
itself  and,  also,  on  the  powerboard:  The  fuse  relay  on 
the  powerboard,  which  operates  through  the  spring  on 
the  iridicatbr  fuac,  lights  the  red  fUs^alann  lauri 
powerboard  and  causes  the  major  alarm  belli  to  ring. 

a.  Relay  C-21  bperates.  When  a  fuse  bibwl  bri  the 
shclf»  it  furnishes  negative  battery  to  operate  one  of  the 
relays  numbered  C-21:  to  C-28.  When  one  of  these 
relays  is  operated,  it  closes  the  circuit  tb  the  C- 33  relay 
throiigh  the  3  and  4  contacts.  It  also  cIosk  a  circuit  to 
the  shelf  lamp  through  its  1  and  2  contacts. 

i?.  Relay  C-33  b^rat«^  When  the  C-33  fclay 
operatK^,  1  and  2  open  the  circuit  of  the  C-38  relay. 

c.  Relay  C-38  release.  Contacts  4  and  5  close  the 
circuit  tb  the  rnajbf  alarm  bell  and  give  the  repairman 
an  audible  alarm.  The  alarm  will  sound  until  the  MAJ. 
AL  C.O.  key  is  operated  or  the  fuse  is  replaced. 

d.  Relay  C-21  release.  W^en  the  fuse  is  removed, 
the  C-21  release.  Contacts  1  and  2  open  the  signal 
lamp  circuit.  Contacts  3  arid  4  bpcn  the  circuit  tb  the 
C-33  relay,  allowing  it^o  release: 

e.  Relay  C-33  release.  Contacts  1  and  2  reclosc  the 
path  arid  rebpKcrate  C-38.  

/  Relay  C-38  operate:  Contacts  4  and  5  open  the 
circuit  to  the  major  alarm  bells. 

The  alarm  and  supervisory  equipment  on  the 
switching  equipment  shelv^,  relay  rack,  test  desk,  arid 
attendarit's  cabiriet  is  cbnnected^  the  as»ociat^ 
alarm  relays  on  the  powerboard  with  supervisory 
terminal  boards  on  the  back  of  the  powerboard.  One 
erid  of  the  cable  terriiinat«A^^J^iyP^ 
boards  on  the  back  of  the  powerboard,  and  the  other 
end  terminates  at  the  signal  terminal  boards  on  the 
varibus  cquij5merit  shelves.  A  superb  list 
is  provided  for  the  terminal  boards  at  the  back  of  the 
powerboard  and  shows  the  terminal  numbers,  color 
cbdirij^  tenriirial  designations,  and  what  is  connected 
to  each  terminal: 

Relay  rack,  fuse  alarm.   The  following  cijpcuit 
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description  is  For_a  blown  fuse  In  the  relay  rack  ' 
equipmeht:   

a.  Relay  C-37  operates:  When  a  fuse  on  the  reiay 
-  blows,  negative  battery  is  extended  on  the  RLY 

RACK  FUSE  CKT  lead  and  operates  the  C-37  relay. 
ebntacts_l_and  2  close  a  circuit  to  the  €-33  relay, 
caiisirig  C-33  to  opNerate  arid  release  the  C-38  relay. 
Relay  C-38  upon  release  brings  in  an  audible  alarm 
(bell).  Contacts  3  and  4  light  the  RLY  RACK  lamp  on 
the  power  panel.  When  the  fuse  is  removed,  the  C-37 
relay  will  release. 

b.  Relay  C-37  releases:  The  C-37  upon  release 
extinguishes  the  RLY  RACK  lamp  and  releases  the 

;C-33  fclay-  relea^  recloscs  the 

circuit  to  the  C-38  relay,  and  it  operates  to  silence  the 
bell. 

Testiest,  fise  alarm.  If  a  fiise  blows  on  the  test  d^^k, 
negative  battery  is  applied  to  the  TEST  DESK  FUSE 
CKT.  lead.  This  causes  the  C-36  relay  to  operate. 

a.  Relay  C- 36  operates.  The  circuits  are  the  same^ 
for  the  C-37  relay,  except  that  the  lamp  labeled  TEST 
DESK  will  light  instead  of  the  RLY  RACK  lamp. 

__  &_Relay  _G-32  operates.  If  a  fuse  blows  on  the 
FUSE  GRND,  bus  bar  or  the  riri^rig  niachirie,  ground 
will  be  fed  to  the  number  1^  winding  of  the  C'32  relay. 
Relay  C-32j¥ill  operate  and,  in  turn,  will  operate  the 
C-33  relay.  The  C-33  relay  will  pperi-the  circuit  to  the 
C-38  relay,  causing  it  to  rele^  and  bring  in  an  alarm. 
Vyhcn  the  fuse  is  removed  the  C-32  relay  will  release, 
releasing  the  C-33,  which  in  turn  will  reclose  the 
^  circuit  to  the  C-38  relay:  Relay  C-38  will  operate  and 
Pj^n  the  bell  circuit.  If  a  fuse  blows  on  the  MAIN 
^^^TX  i  9r_  negative  battery  will  be 

furnished  throu^  either  MB  FUSE  1  or  MB  FUSE  2 
lariip  to  the  lower  winding  of  C-32  and  operate  the 
^'A^  Jf^^y-  T*^^  alarm  will  be  received  as  we  have 
described  before: 

Direct  ^generator,  fuse  alarm.  If  a  DIR  GEN  fuse  * 
blows,  th^  negative  battery  that  is  on  the  armature  of 
the^  dynamotor  will  flow  through  the  winding  of%{he 
C-39  relay  to  ground,  causing  C-39  to  operate.  The 
ringing  current  apjJlied  on  tjle  same  circuit  has  a  path^— ^ 
through  the  capacitors  to  ground:  Contacts  I  and  2 
close  the  circuit'  for  an  alarm,  such  as  we  have 
described  previously.  v 

High-Low  Voltage  Alarm.  The  r<:lays  B- 1 2,  B- 1 3, 
§'l"^_3-A2_an'e  associated  with  the  hi^-ldw  voltage 
alarm  portion  of  the  circuit.  There  is  also  a  low- 
voltage  relay.  If  the  exchange  voJtage  should  drop 
below  46^  this  relay  will  release.  Upon  release,  the  C 
•  and  A  contacts  close  the  circuit  to  the  B-13  relay. 
a.  Relay  B-13  operates.  Contacts  I  an^A9I^" 
circuit  to  the  C-38  relay,  allowing  it  to  release:  The 
C-38,  upon  release,  gives  ari  audible  alanp.  Contacts  2 
and  3  cj^ose  the  circuit  to  the  VOLT  ALM  lamp  on  the 
power  panel.  Contacts  4  and  5  prepare  the  circuit  to 
the  B-12  relay.. When  the  B-6  relay  contacts  1  and  2 
have  a  ground  extended  from  the  TIME  2  lead,  the 
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Br  1 2  will  operate  to  test  if  the  voiiage  is  above  46V. 
This  check  will  be  accomijiished  every  9.5  seconds 
until  something  is  done  to  relieve  the  trouble. 
:  J'-  '^^l^y^P'^^*  ^  bpe^^^  Contacts  I  arid  2  operi  the 
circuit  of  the  B-22  relay;  Contacts  2  and  3  close  the 
circuit  to  the  Ibw-yoltage  relay.  However.  iL  the 
voltage  is  below  46 V^  it  will  release  when  the  B-12 
releases.  Contacts  4  and  5  prevent  the  B-1'3  relay's 
release  whcri  the  low-voltage  relay  operat(w__during 
testjhg^  When  ground  is  removed  frorii  the  TIME  2 
lead,  the  B-i2  relay  will  release: 

c.  Relay  B-l_2  releases.  Contacts  1  arid  2^reclo$e  the 

P^^"^]^  AO  J*^^^  B'^^^^  T^A^Jt  QP'l^cts.  the 
circuirto  the  low-voltage  relay.  Assuming  the  voltage 
is  below  46V,  it  vyill  release.  Contacts  4  and  5  open 
the  holding  path  of  the  B- 13.  

d.  bow-voltage  relay  releases:  The  A  and  C 
cbritacts  prevent  the  B- 1 3  relay's  release.  This  cycle 
will  be  repeated  until  the  c^xchahge  voltage  Jsabqve^ 
volts.  When  the  voltage  rises  above  46V  and  the  low- 
voltage  relay  operates  arid  stays  operated,  the  holding 
ground  of  the  B-13  relay  will  be  removed  arid  B-13 
will  release.. 

e.  Relay  B-13  releases.  Contacts  !  and  2  close  and 
reoperate  the  major  alarm  relay  C-38,  land  the  C-38 
silence  the  bell.  Contacts  2  and  1  open  the  VOLT 
ALM  lariip  lead.  Contacts  4  and  5  operi  the  tcstirig 
circuit  for  B-12  relay.  The  high-voltage  alarm  works 
like  the  low- voltage  alarm,,  except  that  when  the 
voltage  reaches  53V,  the  B-22  relay  will  operate. 

/  Relay  B-22  operatiK.  Contacts  I  and  2  place  a 
bypass  around  the  resistor  to  hold  the  B-22  relay 
9J^*"2^ted-  Qo'l^c^.^^^  5 "Operate  the  B- 1 3  relay,  and 
the  B- 13  operates  the  same  as  we  have  d^ribed 
previously.  The  B-12  rclay^will*continue  to  test  until 
the  irduble  is  corrected. 

Exercises  (424): 

1.  How  many  seconds  will  it  take  before  relay  B-6 
operates  when  a  ground  is  applied  to  the 
linefmder  start  lead  in^th^  alarm  and  supervisory 
circuit  at  the  1 -second  point  in  the  5-second 
cycle? 


2.  What  is  the  purpose  of  relay  C- 1 1  contacts  5  and 

6? 


3.  What  causes  relay  B-6  to  release  after  relay  B-7 
has  operated? 


4.  What  is  the  purpose  of  the  capacitors  connected  in 
parallel  with  relay  C-39? 
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5;  What  powers  thf  major  alarm  bell? 


I 


6.  If  main  battery  1  and  2  fuse  alarm  lamps  burn  put, 
will  feiay  C-32  operate  when  a  fuse  blowis?  Why? 


7:  When  docs  relay  B-8  release? 


8.  Docs  the  release  alarm  lamp  go  out  >^en  relay 
B-8  releases?  Why?  \       /  ' 

  _  _  y 

4-3.  Troabieshooting  the  Alarm  and ^Spp^rvisory 
Circuits  > 

J^?_^i*?PP*jls^w^  occurs  in  the  alariti  arid 

supervisory  circuits?  You  do  not  have ''alarms  or  as 
many  alarms  as  there  Teally  are.  The  lack  of  alarms 
may  sound  good,  but  it  Jtlakes  your  Job  harder.  If 
•  you  don't  believe  it,  try  finding  a  trouble  without  the 
help  of  lamps,  buzzer,  and  bell. 

Obviously,  this  circuit  working  projjerly  is  a  help  to 
you,  but  what  if  troiible  crops  up  in  the  alarm  and 
supervisory  circuitry? 

,  ---^ 

425«  Given  selected  aiarm  and  supervisory  circuit 
trdbble  syinptbins  ahd  folilbiit  4*$  schematic 
dlagniBis^  detemilne  the  probabie  causes  of  trouJ>Je 
and  stBte  the  corrective  action  needed  for  each 
sit  oat  i  (^. 

Lft  us  look  at  an  example,  of  an  aiarm  and 
syi^b^sp^  ciriwit  find  a  selector  switch 

that  has  fated  to  release,  but  no  alarm  sounded.  You 
ch^k  other  selectors  in  other  shelve;  of  the  same  bay 
and  find  that  ho  alam  is  forthcoming.  You  then  check 
other  shefvcs  in  different  equipment  bays  and  alarms 
come  in.  This  tells  you  that  the  timing  relays  and  other 
signal  grou^  relays 

Let  us  assume  the  bay  we  are  concerned  with  is 
hand  fed Jt^  signal  ^up  2.^  Looking  at^oldout  4,  you 
^  see  the  relays  2  and  12  are  the  relays  we  miist 
check.    _ 

Well,  ^ere  do  you  start?  Between  your  ears.  There 

no  alarm,  visual  or  audible.  Wiri^  front  looking 
at  thejschematic  that  the  audible  alarm  is  connected  to 
a  different  set  of  contacts  than  the  visual~-ta|a1nr^ 
Chance  ^re,  then,  that  relay'  C-12  isn't  operating^ 
Check  it  by  hi^ving  someone  raise  ihe  5haf(  of  a  switch 
iii  thai  bay,  arid  see  if  tl^  relay  (C-_12)  operate.  If  it 
do^,  then  contacts  1  and  2,  3  ||nd  4,  and  5  and  6  are 
dirty  Of  open.  Let^us  assume  that  relay  C-12  does  not 
operate. -What  is  the  path  for  the  operation  of  C-12? 


3i  I 

Through  the  cbhtacts  pf  relay  C- 2  to  battery  on  the 
^l^^cts  of  rclaj/  B-9.  Docs  the  C-2  tclay  qpcratc^  even 
for  an  instant,  and  then  release?  If  it  operate  and  then 
releases  after  an  instant,  the  hold  path  through  its. 3 

^d  5  contacts  is  open.  If  it  do«  nbt_  operate  at  all, 
then  its  4  and  5  contacts  are  open,  and/or  3T  and  4T 

^f  relay  B-S-  arc  dirty  or  hot  making. 

You  oin  look  at  the  relay  and  sec  it  is  dpcfating. 
Assume  that  it  is  not  operating.  A  simple  contif^uity 

|tcst  then  narrows  it  down;  in  this  case,  to  dirty  contacts- 
and  4T  of  relay  B-8.  * 

/_  ...  ;  . 

Exercises  (425): 

Identify  the  <^use  and  state  the  corfectiye  action  for 
each  of  the  following  troubles,  using  foldout  4  as 
necessary. 

1.  When  heat  coils  blow  on  the  MDF,  no  audible 
alarm  is  heard.  ^ 


2.  No  delay- type  alarms  arc  comi^  in  when  trouble 
exists.  Relays  B-6,  B-7,  and  B-9  arc  operating, 
and  no  signal  group  rela3irs  are  operating. 


4-4*  Power  and  Ritiging  Equipment  Description 


There  are  three  major  pi^^  of  equipment  u«^  in 
the  production  ai^  distribution  of  central  office 
power.  They  are  me  battery  chai^er,  battery,  and 
powerboard.    *•  _   -  ^ 

The  fX)Averboard  of  a  typical  dial  central  office 
consists  pf  two  yeitical  scoion^^  left  secUdn  is 
^J^'?"^J^_^°_-  ™^  "8**^  seaion.  No.  2.  The 
powerboard  provides  space  to  fu^and  distribute  all 
n<^tiVe  and  pd^iUve^p^^  and  paiiels  for  tones 

and  supervisory  equipment:^ 

The  r&tifien  (Rotrbls)  are  us«l  to  supply  all  of  the 
S^^"^  C?r  the  (xiiiral  offioe.  The  rectified  arc 
controllea  by  .  the  toggle  switches  on  the  units:  The 
FIbtrbl  is  rhiSJiiifactured  by  the  Lorain  Products 
^tpofatioh,  Lqiain,  Ohio.  Sometimes  other  chargers 
are  used  in  the  field^  ^ 

The  dynamotor  (ringing  macrhine)  is  an  ac 
gCTcfatdf  drjven  by  a^  which  operates  dri 

46-52  volts  dc  exchange  battery: 

Thc_Hdlt2cr-Cabot  tone  interrupter  unit  is  driven 
by  46-52  Volts  osntral  office  battery. 

^26.  State  the  purpose  of  thejMwer  and  ringing 
egtaipinent,  consulting  hgilres  4^  and  4-5  as 
applicable. 

Battery  Re^pirenieifts.  I^d*ac1d  battery^lls  are 
used  in  a  typical  central  office  main  battery.  The 
battery  is  used  as  a  standby  source  of  power.  The  load 
is  taken  off  directly  from  the  charger '(re^fie^  with 
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Figure  4-4:  Typical  power  panel. 
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the  battery  bridged  across  the  load^  Thus,  the  battery  is 
kept  charged  constantly  and  is  used  only  when  the  ac 
sbiirce  is  interrupted  or  when  a  sudden  surge  in  the 
load  demands  more  current  than  the  charger  can 
supply. 

Type  of  cell.  Cells  arc  usually  of  the  supported- 
cjcmcnt  type  in  whj^h^  the  assembly  of  plates, 
separators,  and  retainers  rest  upon  supporting  nbs  in 
y^e.  bottom  of  a  molded  stccl-slass  jar.  The  main 
battery  consists  of  23  cclls^  with  one,  two,  or  three 
additional  cells  called  end  cells  for  voltage  boosting: 

Batti^p?  capacity.  The  capacity  of  the  central  office 
battery  is  based  on  the  normal  operating  load  of  each 
individual  installation  and  may  vary  from  576  to 
liQ?6  |mperc-hburs  at  ah  8-hour  discharge  rate, 
.according  to  the  size  of  the  cells.  A  battery  v^ith  a  576 
ampere-hour  capacity  would  last  for  8  hours  at  a 
discharge  rate  of  72  amp»eres  per  hour. 

Powerboard.  The  powerboard  of  a  typical  dial 
central  offioe,  shpwn  in  figure  4-4,  jfonsists  of^two 
y^'^ic^l  f^«clidhs./The  equipment  is  mounted  on  ,^ 
number  of  panels  designated  on  the  left  section  as  1  A, 
IB,  etc.,  and  on  the  right  section  as  2 A,  2B,  etc. 

Contents  of  fhwerbdard  pan  els.  These  pah  els  cortjLi  n 
the  following:  

IB:  Tone  and  miscellaneous  relays.  The  function  of 

thwe  relays  is  covered  later  in  this  section.  

_  Alarm  ix[ays.  Ipis  panel  mounts  the  alarm  and 
signal  group  relays. 

ID:  Generator  control  and  transfer  relays.  Those 
rclag  OJntrdl  ringing  current  from  the  ringing 
machines.    • 

/£;  28,  and  2C.  These  panels  mount  controls  for  the 
dc  motor  generators. 

IE  Ringing  machine  controls  and  supervisory 
licnj^  are  choiinted  here.  

JG.  Fuses  and  alarm  lamps  for  ringing,  tone,  and 
Smpdrvisory  signal  distribution  circuits  ar^  located 
here.      _     _      __  _      _  ^  ^ 

1M.  This  fuse  psncl  distributes  P^wer  to  the 
switchboard,  relay  rack#ringing  machijies,  and  test 
desk.   .      _    ^ 

2A:  £nd-cei\  control  switch  and  its  control  circuits 
arc  npt_bcing  iwcd  how.    _  _  __  _ 

2p.  This  is  the  di«torge  panel  mouniing"Bie  main 
fiisc  and  indicator  alannfuse^voltrheitcr  with  a  three - 
posiUon  switch  (23  CELL.  EXCHANGE,  26  CELL), 
and  an  atnineter  with^t\two-position  switch 
(COMBiNAtldN,  DISCHARGE). 

2E.  This  is  the  power  distj^biitiori  fuse  panel  for  the 
equipm^t  shelves.        _  x 

MetersI  The  discharge  panel  contains  a  vbltincter 
with  a  scale  of  S5  to  65  volts,  and  a  zCTo-centered 
altimeter  with  a  scale  based  on  estimated  peak  busy 
hour  current  drain.  ' \ 

Voltmeter.  The  grMsri  rectauigle  q 
center  of  which  is  49.5  volts,  designates  the  normal 
floating  charge.  With  the  switching  key  in  the  EXCH 
position,  the  meter  indicates  the  voltage  across  the  23 


cells  of  the  storage  battery.  This  reading  may  be  the 
actual  voltage  across  the  23  ceils  Plf  the  battery  on 
discharge  or  the  voltage  of  the  charging  machine 
ifloating  across  the  23  cells  and  the  exchange  load. 

The  charging  unit  mUst  be  pisconnecied  from  the 
powerboard  bus  bar  in  order  to  read  the  voltage  of  the 
battery. 

Arhmeter.  The  ammeter  can  sjiow  either  of  two 
distinct  current  readings:  combination  (COMB)  or 
discharge  (DISCHG),  The  ammeter  has  an  external 
shiirit  in  the  positive  charge  lead  and  in  discharge  lead: 
A  switching  key  norrlpally  associates  the  meter  with  the 
COMB  current.  The  key,  when  operated,  connects  the 
meter  with  the  DISC 

The  combination  reading  indicates  the  diiPference 
between  the  charge  and  discharge  current.  Urider 
riomal  bpefatidii,  the  meter  should  indicate  zera 
r||fcrcJs,no  currentJeaving  the  battery  and  none  going' 
t5it).  The  charger  fldati rig  across  the  battery  arid  load 
gcricrates  cUrrerit  egual  to  the  current  t)eing  consumed: 
The  discharge  reading  indicates  the  amount  of  current 
being  consumed  by  the  load  (current  used  by  the 
exchange). 

Battery  Charger.  The  th^cee-phase  automatic 
constan[t  volti^e  battery  charger,  shown  in  figure  4-5, 
is  a  cdriipletely  self-contained  uriit.  With  the  exceptiori 
of  the  starting,  it  dow  riot_^ritain  any  moving  parts: 
Alt  components  are  in  one  cabinet. 

Specifically,  the  three-phase  Flbtrql  bperat^^  qri 
208  to  230  volts,  60-cycie  supply  and  delivers  dc 
voltage  r^ulatpd  within  the  limits  of  zt  1  pcrcerit  to 
flbat^har^  the  battery  T^^?<^"vereiori_bf  ac  intcJ  dc  is 
accomplished  by  means  of  long  life  selenium  rectifiers. 
Regulation  of  th^  dc  output  voltage  is  controlled 
entirely  by  saturable  magnetic  reactors  (iron  cores  with 
windings).  ^ 

Each  uriit  is  equipped  with  a  Weston  vdltrrieter  arid 
ammeter.  A  simple  switch  change  the  normal  ouqsut 
voltage  from -2.13  volts  per_cell  to  an^oqualizing 
voltage  of  2.33  volts  per  cell.  This  is  adj^^ble  to  2.27 
per  cell  where  required.  ^ 

Ringing  Equipinent.  The  putbut  >  of  the  ac 
generator  fdii^jOTOTtbr)  ii  19 
for  ringing  xurrent:  The  iioltzer-Cabot  single-_ 
firequftic^  dynamotbr,  type  SP>  is  lubricated  at  thl^ 
factory  Md,  after  iris^^  onct 
year:  When  reoiling,  use  Si^  30  machine  oil,  adding  \ 
to  each  bearing  until  oil^starts  to  dtip  froiri^the 
overflow^     ^ 

Oily  commutators  or  collector  rings  should  be 
cleaned  with  a  hard,  ripriliritirig  cloth  moistened  with 
pstrbleiirri  spirits,  followed  by  a  dry  cloth:  After 
cleaning,  the  conmiutator  should  be  polished.  A 
convenient  arid  rffective  polisher  may^  i^Y 
using  a  hardwood  stick  of  the  following  approximate 
dimensions:  Length-15",  width-1",  thickness- 3 /1 6", 
Orie  erid  shbiild  be  covered  with  six  or  eight  layers  b^ 
hard  woven  carrv^  or  duck  cloth  secured  with  rivets. 
The  polisher  should  be  applied  ^"cnd  on"  to  the 
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'  Figure  4-5.  Flotrbl  fv  telq)tione  tysteni. 

commutator  or  with  heavy  presure  to 

remove  surface  deposits  and  to  produce  a  polish  on  the 
surface  of  the  metal.  When  the  outer  layer  of  cariV^ 
b^:^ttief  badly  worn  or  too  dirty  for  farther  use,  it  can 
be  cut  away  and  the  next  layer  expos^. 

Two  channels  of  tones  are  provided  by  an  Alnico 
permanent  mq^^*type  generao^r  without  the^se  of 
brushes  or  commutators.  11icrrf6rc,__it  do^  not 
require  m^untOTance  in  T^^_  inductive 
winding  of  the  alternator  produce  a  tone  of  600 
qrclis^  per  sa:offi  modulated  at  120  CPS,  which  is 
u^.fpr   :  

The  intcmtpter  is  driven  by  the  tone  alternator 
frbm  precision  cut  cams.  On  ah  ""A**  mounted  over  the 
iPP^r  are  fiye  slow-spc^  rin^nf  int^}i{^ni>  oj^c 
busy  tone  and_i>ne:  all-tmnks-bosy  interrupter,  and 
TIME  1  and  TIME  2  interrupters  (used  with  alarm 
droiju)^  Ali  the  interrupters,  when  operated,  have  a 
ground  potential. 

Exercises  (426): 
1.  State  the  purpose  of  the  power  equipment. 


2.  State  the  purpose  of  the  ringing  equipment. 


4«5.'  i^^et  and  Ririgihg  Equipiiieiit  Circuit 
Operation 

While  there  is  hot  much  to  the  way  that  the  power 
circuits  oj>eraje,  you  should  have  a  basic  idea  about 
how  the  power  that  runs  your  exchange  is  produced 
and.  cbhtrollcd. 

The  ^nging  machine  oqntrol  circuit  is  not  ohly 
necessary  in  a  central  office,  it's  interesting. 

427.  Using  foidout  5*$  schematic  diagr^s,  and 
ngures  4-5  and  4*6^  dHerniliie  the  actlona  that  occur 
f**  I^^^^Si''^^^  ^^"iJfs  PP^T^tioii  arid 

state  the  purposes  and  ftinctioia  of  the  power 
eifuipmeiit. 

Principle  of  Battery  Cfaitrger  iteration.  A  singie- 
phase  rectifier  is  used  as  a  source  of  reference  voltage, 

output  vbit^e,  holding  It  constant,  with  variation  in 
input  Wltage  and  v^atiph  ih  Ibfi^^^ 

A  block  diagram,  figure  4-6,  Jil© 
operating  principle  of  the  three-phase  charger, 
slipping;  a  jx)wcr  rectifier  energized  from  a  power 
transformer^through  saturable  control  reactors.  The 
output  of  the  power  rectifier  is  filtered  and  supplied  to 
the  battery. 

R^fmn^e  voiragt  source.  The  oiit^ot  of  the 
reference  voltage  source  is  connected  in  parallel  With 
otitput  of  the  charger  through  windings  on  the 
control  reactora:  When  the  output  voltage  of  the 
Flotrbl  dro{^  below  the  reference  voltage^  current 
through  the  conupl  rea^  windings  and 
restores  the  output  volts^e  to  normal.  If  the  butput 
vbltage  rises  above  hbrihai,  the  current  decr^isei  and 

between  the  powei^transformer  and  the  rectifiers, 
thereby  dropping  the  butput  Vofits^e  of  the  char^r 
back  "to  normaL  This  ax:tion  automatic^^^^ 
compensates  for  changes  in  input  voltage,  changes  in 
load  current,  and  change^  in  rectifier  reiistahce. 

(9i^rtoatf  pwr«Tibrt.  The  three-phase  Flbtrbis  are*^ 
^providc^  with^a  current  Umiting  feature,  an  overload 
protection  rectifier,  seen  in  figure  4-6,  which  protects 
the  charter  a^ihst  byerlbads.  In  the  chatter  is 
comiea«i  to  a  d^  battc^ry,  the  battery  is  rechang^  at 
the  maximum  safe  rate  without  danger  of  damage  to 
the  Flotrbl.       

The  power  traftsformer  is  fed  through  current 
trahsfbfmers,  which  are  load^  with  capacitors.  The 
vp  1  ta^  drop  _in«5jtcd  between  thc^wc^^^^  the 
power  transformer  by  these  current  transformers  is 
very  small.  The  secondary  vbltage  of  the  currcht 
transforiner  is  directly  proportional  to  the  load 
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Figure  4-6.  Block  diagram  for  Ftdtrol  operation: 


currcrit.  A  rtetificr  connected  to  the  secondary  of  the 
current  transformer  develops  voltage  directly 
proportional  to  the  load  currenL  and  serves  as  the 
overload  prbtectibh  rectifier.  The  o^tpiut  of  this 
rectifier  is  9^  c»nnecie^  in  firaj^llel^^^wi  the  output  of 
the  charger,  through  control  windings. 

As  long  as  the  current  delivered  by  the  charger  is 
les  than  120  percent  of  rated  output,  the  voli^e 
developed  by  the  overload  protection  rectifier  is  les$ 
than  the  output  voltage  of  the  charjer,  ahd_n^^ 
flows  through  the  overload  rectifier  circuit.  This 
circuit  includiK  windings  oh  the  reference '  vojtage 
source  and  the  overload  vviridings  bh  the  s^^^ 
contpl  reactors,  as  figure  4-6  shows^  As  soon  as  20  i 
percent  overload  current  is  reached,  the  vbltage- 
djc^^PS"^  IS      oyer  load  prbtcrt^^ 
to  expeed  the  ou^ut  voltage  of  the  charger,  and  then 
current  flows  through  the  control  windings,  which  are 
in  the  circuity  of  the  byerload  prt>t|MtiOT   

The  action  of  this  current  on  the  reference  voltage 
source  is  to  drop  its  vbltage  and  thereby  drbp  the 
output  voltage.  The  Mtmej^it^  flow  tlwDii^^ 
overload  winding  on  the  saturable  control  reactors  to 
unsaturate  the  reactors.  The  current  flow  through  the 
o yer Iq ad  win d iiigs  _b f _ jhe  isa tu rab  1  e^  coreactdrs 
produces  a  flux  within  the  core  which  is  opposite  to 
that  dcvelbpcd  by  the  normal  v/ihdings.  This  results  in 
dttaturatidn  of  the  cores,  causing  the  reactance  of  the 
normal  windings  to  increase,  thereby  limiting  the  ac 
voltage  applied  to  the  po>ver  rectifiers  to  a  safe  value. 

l^l^I^^^  6flW<?0'  cetis.  Both  the 
power  transformer  and  the  reference  voltage  source 
are  providiKl  with  taps,  so  that  the  butput  vbltage  bf 
the  Flbtrbl  can  be  adjust«i  according  to  the  number 
of  ceils  in  the  battery.  The  B-model  JFlotrols  are 
adjustable  for  bp^ratibh  of  end  cells.  Oh  all 
^nnecKons,  the  oper^on  of  an  equalizing  switch 
read^ changes  the  output  voltage  to  a  higher  level  for 
equalizing  the  batter.  The  equalizing  switch,  figure 
4-i,  simply  changes  the  output  voltage  of  the  reference 
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source.  It  thereby  causes  the  charger  to  regulate  at  a 
higher  level: 

Agin^.  Because  the  butput  vbltage  is  determined  by 
tbc  reference  voltage  source,  aging  of  the  power 
rectifier  or  changing  of  temperature  of  the  saturable 
control  reactors  do  hot  affect  the  butput  vbltage  of  the 
^o^*5[  _^]^cr  of  these  conditions,  occurring  singly  or 
in  [combination  with  chang«  of  load  or  of  input 
vol^w,  is  automatically  cbmpcnwted  for  by  chariges 
irv^e  butput  ciirtcnt  of  the  reference  volmge  source^ 
it  IS  possible  for  changes  in  the  characteristics  of  the 
reference  rectifiers  to  change  the  butput  voltage 
slightly^  but  these  rectifiere  are  overeized  and  operate 
at  much  less  than  rated  current.  However,  an  aging 
adjustment  is  prbvided  tb  take  care  of  this  possibility, 
i£s  figure  4-7  reveals: 

Contactor.  The  chargers  vc  prbvided  with  dc 
cohtactbrs,  K)  tto^  whenever  rfic  po  is  off,  the 
circuit  to  the  battery  is  opened.  They  also  have 
magnetic  contactors  on  the  ac  input  side  so  that  the 
charger  can  be  operated  by  remote  control. 

Ilterii^l.  AH  three-phase  Flbtrbls  are  prbvided 
wittt  a  hiwivy  duty  filter  choke,  which  eliminates  the 
noise  from  the  battery  and  talking  circuit.  They  are 
alsojprovided  with  electrolytic  condensers,  which  are 
^^ed  to  the  rectifiers  and  fiirther  f  siuce  the  noise 
a  very  low  level:  These  cor^ensers  are  actually  the 
only  cbmpbnehts  which  should  t>e  considered  as 
expsshdable  How  only  one  of 

filtering,  and  they  can  even  be  removed  from  the 
circuit  completely  without  affecting  the  regulatibh  of 

hiarger.   _   

Furthermore,  in  mo^t  installations  where  automatic 
switches  are  operated  from  the  battery,  the  hb ise 
.prdduc«j  by  the  charger  without  the  condensers  is  of  a 
lower  level  than  the  switching  noise  across  the  battery, 
and  even  *in  case  of  a  cbmplete  failure  bf  the 
condensers,  the  opcfatibil  of  the  exchange  will  be 
undisturbed.  The  .condensers  are  provided  with 
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Figure  4-7.  Typical  Flotrol  control  panel. 


protective  fiases,  so  that  in  case  of  troobte,  the  fttses 
will  blow  and  remove  the  condensers  from  the  circuit. 

OtSptU  SMi>Uag€  offpve  f^jrpi  wPute 

making  cu^ustments.  Each  charger  is  provided  with  a 
voltage  adjustment  panel  consisting  of  coarse  and  fine 
by  which  the  cl^Bj^er  voltage  m^  be 
accurately  adjusted  to  the  desired  1^1,  as  figure  4-7 
shows. 

These  taps  adjust  the  reference  voltage  standard 


which  controls  the  charger.  The  adjusting  links  are 
moved  up  fo  increase  tfe  voltage,  downward  to  reduce 
voltage.  >^*>..  * 

-   '^-.f'  ^  _    _  _    _  _  ^  - 

Readjus^fieni  of  the  rheostat  (R-4)  may  be  required 
ity*^_^i^  _voltage^t^^  changed  or  after  aging  of 
rectifier:  No:  2  (reference  voltage  source)  is 
experience.  Aging  of  the  pow^r  rectifier  stack  is 
autdiQaticaily  compensated  and  requires  no  manual 
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aging  adjusimem;  Do  not  ovcfcorrcct»  or  the  Flotrol 
outlet  will  not  properly  follow  the  load. 

EquaUzing  voltage  ad[h4pmrnj.^  The  equalizing 
Voltage  can  be  adjusted  independently  of  the  floating 
voltage,  as  figure  4-7  illustrate.  The  equalizing 
voltage  is  adjusted  by  ah  equalizing  voltage  adj us tmeiit 
|K>tcntidmetcr  located  near  the  aging  potentiometer  on 
the  vbltage  adjustment  panel .  Turning  the 
potentiometer  to  the  nght  increase  the  ©qua^^ 
voltage.  The  range  of  equalizing  voltages  is  from  0  to 
:  i  8  volts  per  cell  above  float  voltage.  

_  ^.^'fpl  ^^■^•'^^^  ^  thw-phase'Wotro^AViihd 
any  special  auxiliary  equipment  can  be  operated  in 
parallel  with  a  dc  generator  across  a  battery.  Within  its  « 
capacity,  the  Flotrol  will  maintain  the  battery  voltage 
constant  as  determined  b^  the  Flotrol  characteristic. 

Floating  voltage.  The  floating  voltage  for  the  lead-  , 
acid  type  storage  battery  is  generally  considered  to  be 
between  2:15  and-2,17  volts  per  cell.  Variation  in 
flqating  voltage  may  exist  between  batteries.  In  order 
to  deterttiine' the  cqrfcct  floating  voltage  for  a  given  • 
battery,  you  should  check  the  specific  gravity  and 
water  cohsumptioh  of  ihe  batteries  over  a  pcridd  of  a 
month.  If  the  gravity  readings  arc  gradually  falling,  the 
floating  voitage  should  be  increased  until  the  gravity 
ceases  falling  for  a  period  of  one  month. .  If 'the 
batterits  f^uijc  the  addition  of  water  more  than  once 
in  every  3  months,  the  floating  voltage  is  t^  high  and 
should  be  reduced. 

E^qpmtizing.  In  order  to  maintain  equal  voltages  on 
ail  ceils-  and  to  fully  charge  the  weak«it  cells,  it  is 
customary  to  pNcriodically  supply  a-higher  voltage  to 
the  battery  for  a  short  time  in  accordance  with  the 
battery  instructions.  Whenithe  equalizing  switch  on  the 
Flotrol  is  operated,  the  Flotrol  delivers  its  itiawmUm 
^[^^rSL^B  current  until  the  battery  reaches  the 
equalizing  vbltage.  The  Flotrol  then  autqfiatically 
holds  the  battery  at  the  equalizing  vbltage  until  the 
switch  is  manually  return^  to  its  normal  position;  The 
battery  shoulct  not  be  charged  any  longer  than 
necessary  at  the  equalizing  voltage,  bc;(^iuM:  a)htihiibd 
charging  at  this  vologe  may  decrease  the  life:  The 
charger  does  not  have  to  be  tum(K]  off  to  operate  the 
«)imlizihg  switch. 

En^'CeiicHQrging.  Three-phase  Flotrols  have  an  end 
cell  voitage  adjustment,  which  consists  of  a  toggle 
switch  "end  cell  charge*'  by  which  the  output  voltage 
can  be  increased  by  approximately  6.5  volts  in  order  to 
permit  charging  of  end  cells. 

Paniiiei  bperatloh..  Some  Flotrols  are"  equipped 
with  paralleling  rcctjficre  bpci^^  ^^""^"^ 
transformers.  By  balancing  the  voltage  of  the 
paraiieliing  ranlfier  in  one  Flotrol  a^inst  that  in 
another  through  a  pbrtibri  - of  their  ointrol  circuits, 
proportional  division  of  load  current  between  the  two 
Flotrols  js  maihtain«j  even  though  the  Flotrols  may 
riot  be  of  Ihe  same  size.  Two  or  nldfe  Flotrols  of  this 
type  are  synchronized  simply  by  insulling  a  light  gauge 
equalizing  wire  bitwwn  them.  If  the  Flotrols  are  not 


both  equipped  with  paralleling  rectifiers,  satisfactory 
diviisiori  of  load  current  can  be  tnairttajncd  by  the  use 
of  separate  charging  leads  for  each  Flotrol; 

be  biscdtinecl.  The  outpuj  circuit  of  the  Flotrol  is^ 
equipped  with  a  dc  disconnect  contactor.  This 
contactor  is  iJdt  a  reverse  current  relay,  neither  docs  it 
have  any  other  marginal  featur^.  It  is  simply  a  heavy 
duty  dc  contactor  operated  from  the  ac'power  supply 
with  sufficient  ti Hie  delay  to  insure  that *the  circuit  will 
not  be  opened  while  current  is  passing  through  the 
contacts,  it  will  be  recognized  that  even  if  the  dc 
circuit  were  riot  bpcnetnjy  the  cdritactdr,  the  reverse 
current  through  the  Floitef^would  l)e  b[ocked  by  the 
back  re^starice  of  the  rectifiers.  Nevertheless^  in  order 
to  cbiipletely  eliriiinate  the  possibility  of  leakage 
currcnt.and,  aj  the  same  tjnie,  to  provide  interlocking 
overload  protection  between  the  ac  and  dc  circuits  of 
the  charger,  the  dc  cbritactor  is  provided.  When  the  ac 
power  fails  or  is  disconnect^,  the  delay  of  the  dc 
C£>ntactor  is  sufficient  to  permii^e  direct  current 
through  the  output  circuit  of  the  Flolrol  to  fall  to  zero 
bcfore^the  tlrcuit  is  opened/  With  this  arrangement, 
there  is  no  sparking  whatsoever  at  the  contacts  of  the 
dc  contactor,  arid  no  mairitenarice  is  required  to  keep 
the  voltage  drop  through  these  contacts  to  a  negligible 
quantity.. 

eommon  Questions  About  Flotrols.  Certain 
pertiricrit  questions  about  Flotrols  seem  to  bc^ask»d 
with  gtc?^ircgu]arlty.  For  this  reason,  these  questions 
and  their  answers  are  repeated. here: 
_  (1)  What  happens  when  a  flotrol  is  singte  phas^l'? 
The  application  of  single-phase  voltage  to  a  three- 
phase  Flotrol  as  a  result  of  partial  failure  of  the 
iricomirig  power  caririqt  daitiagc  the  rectifiers  or 
transfdrmct^.  Depending  upon  which  phase  fails,  the 
result  is  either  a  complete  or  a  partial  loss  of  output 
from  the  Flotrol.  In  sbriie  cas«,' the  fu»K 
protect  the  filter  condensers  may  blow,  proteaing 
thesse  •  condensers  against  excessive  ripple  current 
r«u!tin^  from  uribaUinccd  input  voltages.  

(2)  What  happens  on  low  input  voltage?  The 
output  voltage  of  the  Flotrol  is  completely 
compensated  fof  input  voltage  vau"iations  of  p^^^ 
Itiinus  8  percent  of  the  normal  value.  However,  the 
input  voltage  can  usually  drop  as  far  as  20  perccrit 
below  the  ndntial  ydltagc  ^thqut  caUiiing  a  complete 
failure  of  charging  current.  The  output  voltage  will 
still  be  regulated  to  a  fair  dt^rcc  of  accuracy,  but  with 
such  an  abnonnally  \oy^  Jiyy^t  ydltagc  that^  t^^ 
maximum  current  available  from  the  Flotrol  will  be 
considerably  l«s  than  the  rat(»d  current.  Still  further 
reductions  in  the  inputj^oltagc  may^r«^^  ^^^^^^i 
or  other  unsatisfactory  operation  of  the  magnetic 
contactors  in  the  Flotrol. 

(3)  What  hapfycris  wheii  the  ac  power  fails?  When 
the  ac  power  input  to  the  Flotrol  fails,  the  charger  is 
automatically  disconnectwi  from  the  battel^;,  and  there 
is  no  possibility  of  leakage  current  through  the  charger . 
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draining  Ulc.'pbwcr  trbin  thc:i&ttcry:  When  the  pi)wcr 
reUinis,  the  Fiotfdl  automaticaiiy  r«Qmcs  its  charging 
fanctions:  Even  if  the  battery  has  been  completely 
discharged,  the  output  current  of  the  Flotrol  wUI  not 
bccdjiyj  cxcwsiv^  but  is  iimiied  by  the  overload 
protection  feature. 

\  (4)  What  is  the  expected  life i?f  the  Flotroi?  All  of 
the  oomponcnv  parts  of  the  Flotrol  are  carefully 
designed  to  jirbvidc  trqubljsfree  bpcration  and  lon^ 
iife:  The  oniy  item  in  the  Flotrol  which  can  be 
considered  as  expendable  is  the  electrolyte  condenser 
bank,  which  has  anjuiticipwiicd  life  of  approximately  7 
years:  The  selenium  rectifiers  arc  of  hightot  quality 
and  ultra-conservative  design;  the  probability  of  early 
failure  has  _rcduccd_  to  a  n^ljgible  factor.  A 
rectifier  life  can  be  anticipated  as  in  excess  of  i  5  years. 

(5)  What  is  the  effect  of  frequency  varijation? 
Noticeable  line  freqiic  hey  ^variations  arc  rarely 
encountered  in  the  V  S.y  but  when  they  do  occur^  their 
effect  is  to  Change  Rotrol  voltage  about  1.8  jaicrceht 
for  each  1  percent  change  in  frequency.  Where 
frequency  Variation  is  a  problem,  a  frequency 
compensatiQQ  unit  can  be  added  (mounted  externally) 
*to  correct  for  frequency  variations  up  to  dt  2  cycles. 


Ringing  Generator  Cpntrol  Circuit.  The  cbntrol 
circuit  components,  seen  in  foidout  5,  are  located  oh 
the  power  panel  and  consist  of  the  following:  / 
Keys.  Ringing  machine  test  key  (R.M.  TEST)  is 
used  to  test  the  bperatioh  bh  bhe  ringing  machine 
without  interfering  with  the  operation  of  the  other 
machine.  Ringing  machine  start  key  (R.M.  START) 
must  be  in  the  b|>erat«l  pkMitio^^  tp_  start  the  ringing 
niachine  to  be  used.  Ringing  machine  alarm  cutoff  key 
(R.M.  ALARM  CUTOFF)  cuts  off  thcaJarm  while  a 
trouble  is  being  cjcared.  TTie  rc^t  key  (R.M.  ALARM 
RESET)  rscts  the  control  relays  after  a  trouble  has 
been  cleared. 

Lamps.  jGcncrator  off  lamp  (GEN  QFF)  shows 
when  ringing  machines  have  stopped:  Ringing 
machine  transfer  lamp  (R.M.  TRANSF)  shows  when 
there  has  beep  a  trarisfcr  from  one  machjric  together. 
'  Reiays^,  D2\  is  normally  operated  _from  direct 
generator.  D22  lights  R.M.  TRANSF  lamp  arid 
dperat(S  the  dc  cqritactors  for  automatic  dperatibri. 
D23  operates  when  the  START  KEY  AND  RESET 
KEY  arc  opcratwi  for  riiachiric  2.  D24  completes  the" 
path  for  ^thc  transfer  fc[ays.  D25  transfers  the 
generator  control  leads  from  machine  I  to  machine  2: 
D26  transfers  the  busy  tones  frorii  machine  1  to 
machmc  2.  D27  transfers  the d[al  tone  from  machine  1 
to  machine  2:  D28  transfers  the  direct  generator 
..(ririging  current)  frorii  machine^  1  to  machirie  2.  DC 
cdritactdrs  complete  a  puith  to  start  the  dynamotfirv 

]^anuaJ  Dpe^  I-  The 

R.M.  START  KEy,  ajsd  seen  in  fdldout  5,  is  in  the  1 
position.  Grbund  from  R.M.  START  KEY  operates 
the  dc  cpntaaor  for  R.M.  1.  DC  contaaor  extends 
ground  through  winding  of  the  field  and  motor  of  the 
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dynariibtbr  to  battery.  Dynamotor  1  starts.  Wheri  relay 
D-ii  opcraties,  the  collector  rings  of  the  dynamotor 
extend  direct  generator  (19  Hz  ac)  and  battery  to  the 
ring  control  rielay  coritacts  arid  the  ac  relay  D-ZL  This 
opens  the  operating  path  for  D-22^  D-2I  is  the  only 
relay  operated  while  ringing  machine  1  is  running: 
The  carps  bri  the  to  he  altcrriatbr  iritcrmpt  ground  for 
the  busy  tones  at  contacts  1 T  agd  2T  and  7T  and  8T  of 
relay  D-26.  Ground  is  interrupted  by  the  cams  for  the 
ririg  coritrbl  relays  through  the  contacts  of  relay  D-25, 
Automatk  Transfer  frcfifi  Machine  1  to  Mp^hlife 
im  if  ringing  machine  1  stops  genc;rating  ringing 
current,  ririgihg  machirie  2  starts  automatically.  Theri 
these  things  happcnj     _  _ 

a.  Relay  D- 21  releases.  Relay  D-21  releases  when 
the  direct  gerierator  is  reriioyed.  Numbers  I  arid  2  are 
not  contacts,  but  tertninaJs  for  the  windings  of  relay 
D-2 1 .  Number  3  and  4  contacts  complete  an  operating 
path  for  D-22.  Nuriiber  5  arid  6  contacts  Complete  a 
path  for  the  GEN  OFF  light.  

b.  ^  Relay  D-22  operat«/>Jumbcr  2  and  3  contacts 
cbriiplete  an  operatirig  path  for  D-24.  Niimber  4  arid  5 
contacts  complete  a  path  for  the  R.  M.  TRANSF 

^  iahip._  Number  6  and  7  contacts  complete  a  holding 
P^\^  for  P^"22.  Nuriiber  8  and  9  contacts  cbriiplete;  a 
path  to  'dc  contactor  2,  making  it  an  automatic 
transfer.  _  _ 

Jv^^  contactor  2  operates.  Ringing  machine  2 
starts. 

d.  Relay  D-24  operate.  jVumbcr  J  and  2  contacts 
^ompjete  a  path  for  p-25.  Nuriiber  3  and  4  coritacts 
complete  a  path  for  b-2^K  Number  5  and  6  contacts^ 
coriiplcte  a  path  for  JD-27.  Number  7  and  8  contacts 
cdmplctc  a  path  Tor  D-28. 

?:  Relay  b-25  operate:  Number  8B  and  9B,  5B 
and  6B,  2B  and  3B,  8T  and  9T,  5T  and  6T  contacts 
prdyide  a  path  fpr  iritcrfuptod^rbiirid  froni  R^  M.  2  on 
GEN  CONT  leads  1  through  5  to  the  ring  control 
relays  D-4  through  D-8  or  D- 14  or  D- 1 8.  :  _ 

/  Pj^^'^l*^- .^yi^^j".  2T  ' 

contacts  provide  a  path  for  interrupted  ground  from 
the^oric  alternator  2  to  the  tone  circuit. 

Relay  p- 2 7  dpcrate^  Number  3f  and  2T 
contacts  provide  a  path  for  dial  tone  from  tone 
alternator  2  tP  the  torie  circuit. 

A.  Relay  p-28  dj)crate.  Number  6B  and  5B,  9B 
and  8B  contacts  provide  a  path  for  DIR  GEN  from 
R.M.  2  to  rqlay  D-21  arid  ring  control  relays.  When 
machine  2  starts,  the  direct  generator  reope rates  relay 
D.2i.  _ 

/.  Relay  D-21  operates.  Number  3  arid  4  coritacts 
open  the  dperating  (^th  fdr  p-22.  Number  5  and  6 
contacts_remove  the  ground^rom  GEN  OFF  light. 

NOTE:  When  the  alarm  rings,  you  should  switch 
the  R.M.  START  KEY  from  1  td  2  and  dpcrate  the 
RESET  KEY.  D-22  will  j-clcasc,  and  0-23  will 
operate  from  grourid  at  the  RESET  KEY.  - 

J.  Relay  p-22  rcleas^.  Number  1  and  2  contacts 
provide  a  holding  ground  for  D-24.  Number  4  and  5 
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cphtacts  ^itlbvc  the  grqulid  f rom  M  TR  A  N  SF 
imnp  ants  centtai  office  alarm.  Njumber  6  and  7 

0  contacts  open  the  holding  path  for  D-22,  Number  8 
aiid  9  contacts  remov^  th^  J^rouind  from  dc  contactor 

2:        _    '  ^         -     -  : 

k.  Relay  P-23  operates.  Number -2  and  3  cbhtacts 

^Pi^vidc  a  holding  path  lor  b-24.  Number  5  and  6 
contacts  prepare  a  path  foJ  D.     contactor  1 .  JSujuber 

•^7  and  8  cbhtacts  provide  a  holding  path  for  D-23. 
All/clays,  except  b-22,  are  operated  when  machine 
2  is  running. 

peiterator  Cojitroi  and  Transfer  Relays-  The 
King  RLVS  transfer  key  determines  which 
rihgir^  ;CixpUit  is  in  operation.  In  position  1,  the  1 
^  circuits  iBed  RelaysD-l,  b-2.  b-3,  b-9,  and  I>-jO 
have  an  operating  path  from  the  key  contacts.  These 
things  occur:  ^ 

a.  Relay  b^  1  operates.  Number  1 T  and  2T  contacts 
prepsu-e  a  path  for  D-4.  Number  3T  and  4T  contacts 
prejjarc  a  path  for  P-5.  jSJumbcr  5T  and  6T  cbhtacts 
prepare  a  path^for  b;6.  Number  1 B  and  2B  contacts 
prepare  a  path  for  D»7.  Number  3B  and  4B  contacts 
prepare  a  path  for  D- 8.  *  _ 

b.  Relay  b-2  operates.  Number  i  6  and  2B  contacts 
open  the  operating  patfifor  D-U,  D-i2,  and  D-19  in 

-^circiiit  2.  Number  3B  and  4B  contacts  provide  a 
holding  path  for  D-l ,  b-2«  and  b-:9  in  circuit  1.  The 
other  make  contacts  prepare  a  path  for  direct 
generator  or  h<^tive  battery.  ^ 

c.  Relay  D-3  operau».  Number  1 B  and  2B  contacts 
bf*n  the  operating  path  for  0-13  and  D-20,  Number 
3B  and  4B  contacts  provide  a  holding  path  for  D-3 
lihd  D-10.  The  other  make  contacts  prepare  a  path  for 
diiw  gCTcrator  or  n^tivt!:  ba^^ 

_  ^:  Relays  b-4,  b-5,  b-7,  jind  D-S  bjjcratc. 
TTiese  relays  operate  in  numerical  sequence  (b-4 
^r9**i^  _P:^_)  JP_  provide  1  second  ringing  and  4 
seconds  siicnt  period:  DC  battery  iis  itiquif^  for  the 
cut  through  relay  in  the  connector.  The  dc  battory  is 
^ilV****^-^**^y8J^--*^^  clir^  generator  path  during 
rmging,  and  through  contacts  1  and  2,  4  and  5  during 
the  silent  period.  Number  2  and  3,  5  and  6  contacts 
complete  the  direct  gaiety 

Relay  opcraj^:  Number  i  T  and  2T,  3T  and 
4T,  5T  and  6T,  IB  and  2^  and  3B  and  4B  contacts 
prepare  a  pith  for  the  diriS  generator. 

/  RclayJ).i6  opcrats:  Number  LT  and  2T,  3T 
and  4T,  5T  and  6T,  IB  and  2B,  £d  3B  and  4B 
contaos  prq>are  a  path  for  the  direa  generator. 

Dial  Tone.  This  tone  is  generated  by  the  tone 
alternator  with  either  ringing  niac^ne  (Iterating.  This ' 
tone  goesi'rom  the  tone  alternator  through  the  contacts 
of  relay  D-27  to  the  tone  circuit.  In  the  tone  circuit, 
the  ton^(ac)  goes  to  the  primary  of  the  dial  tone 
transformer  on  the  selector  shelf.  The  SUPY  relay  on 
the  selector  shelf  operatics  in  series  with  the  B  relay  of 
the  selector,  closing  the  contacts  of  the  SUPY  .relay. 
Tiie  tone  is  induced  into  tihe  secondary  of  the 


.  

transformer  and  is  extended  through  the  selectbr  to  the 
caiiing  sobscribcr: 

Busy  Tone.  Regular  busy  tone  Js  diaj  tone 
interrupted  60  impulses  per  rnihute.  The  dial  tone 
flows  through  resistor  R-4,  capacitor  C-W  and  coil 
BT^L  Thiis  tone  is  induced  into  the  secondary  winding 
of  BT- 1  .  When  the  busy  tone  cam  bn  the  intcrriiptcf 
closes  Jhe  contacts,  tone  flows  to  the  conneaor  ba>«. 

All-Trunks-BiBy  Tone  (ATB).  This  tone  is  dial 
tone  interrupted  120  impulJM»  p^  The  diaj 

tone  flows  through  r^istor  R-5,  capacitor  (j-4,  and 
^'primary  winding  of  BT-_2^  TTiis  tone  is  induced 
mtb  the  sea)ndary  winding  of  BT- 2.  WhCT  th^ 
the  interrupter  clos«  the  cbntacts,  a  ground  shunt  is 
present.  Tone  is  sent  to  the^seleaor  bays  only  when 
contacts  are  open. 

Exercises  <427): ' 

1.  Hb^  is  the  reference  vbltage  source  of  a  battery 
charger  conneaed  in  the  charger  circuit? 


2.  What  is  the  purpose  of  the  control  reactors? 


3.  What  is  the  overload  current  of  a.  Flotrol 
considered  to  be? 


4.  What  4oes  the  equalizing  switch  on  a  Flotrol  do? 


5.  What  is  the  purpose  of  the  dc  contactors  in  the' 
battery  charger? 


6.  What  does  the  filter  choke  in  a  charger  do? 


J.  How  do  the  output  voltage  adjustment  taps  work? 


8.  What  indicate  to  you  that  the  float  level  is  set  too 
high? 


9.  What  relay  in  the  ringing  generator  is  normally 
operated  from  diran  generator? 


ERIC 
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16:  What  do  all  of  the  mtcrraptcPs  cam  contacts  have         Assume  that  ringing  machine  1  fails  arid  that; no 
in  common?  automatic  transfer  to  machine  2  takes  p|aci?.  Barring 

an  open  winding  somewhere,  the  possibilities  number 

■>  ;  four,   

Fii^t.  rday  D-21  rdeascs,  clbsi^^  its  3  arid  4 
i  I .  What  wduid  happen  first  in  the  coniroi  circuit  (FO      contacts.  This  completes  the  path  from  battery  through 
5)  if  ringing  machine  1  stops  for  Some  reason?         the  winding  of  relay  D-22aa^ound  on  the  contacts  of 

the  reset  lever  switch.  Your  first  move  then  is  to  \o6k  at 
^  ^^\^y  P-22.  if  it  is  not  operated^ontacts  3  and  4  of 

_  rel«««i  rela>  D-21  or  contacts  oMhe  R 

12.  What  is  common  about  relays  P-4  and  D-14  in      arc  at  fault.  If  it  bperateSj  lhcn  its  8  and  9  contacts  or 
the  generator  control  circuit  (FO  5)?  the  4  and  5  contacts  of  D-23  are  at  fault. 


i  3.  What  is  the  difference  between  busy  tone  and  all- 
tninlcs-busy  tone? 


Exercises  (428): 

is  the  trouble  and  the  hecess^  corrective 
aaion  when  you  must  add  water  to  most  battery 
cells  every  month? 


4-^  trovbicshootlof  Power  and  Ringing  | 
Eqalpmcnl 

A_  central  office  withouf  power  9^  ringing 
equipment  that  works  is  in  worse  trouble  than  a  man 
who  smokes  and  has  ho  cigarettes  and  riiatches. 


One  connector  shelf  do«  not  Ifcve  ringing 
current.  Relays  D-l,  D-2,  D-9,  and  D- 25  are 
operating  properly  arid  their  coritsuns  are  clean 
and  making  properly:  What  is  the  trouble  and 
'  what  is  the  correaive  action?  i 


428.  Given  selected  4'O^r  and  ringing  equipment 
.trmible  s^ptomi  and  approfjf  ij^^^  iBjH'eil 
as  fbldont  4  nd  5*9  sdienatic  diqrnns,  and  figures 
4ri  to  4-7  as  required*  determine  the  probable  causes 
of  tnMtble  and  state  tte  corrective  action  needed  for 
each  i(itnntion. 


3.  The  connector  shelf  served  by  group  A  of  ring 
control  relay's  circuit  1  does  not  trip  ringing 
^twcra  ringing  cycles.  What  is  the  cause  of  the 
troubles? 
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CH  APtER^  5 


Attendant's  Cabinet  and  Miscellaneous 
trunk  and  Switching  Equipment 


ALTHOUGH  MOST  of  the  calls  wc  Sake  »ch  day 

arc  from  one  {^nciq  another  bri 

need  to  rail  the  operator,  fire  department,  another 

base,  etc.  oh  occasion.  Since  this  equipment  is  Tocated 

in  yoiir  cxdiangc  Jmd  U  U  ii^^ 

this  chapter  discusses  briefly  some  of  these  circuits. 

We  also  spend  some  time  looking  at  the  attendant's 
cabinet,  bcc^^^  it  is  also  in  important  function  within 
our  exchange. 

5*1.  MiiccllanecHis 

Equipment  Description 

In  this  section,  we  dijfcuss  _the  purpose  and 
^fl^^ion*  |>ulsc  repe£iter,  fire  trunk,  and  the 

reverting  call  switch.  Thes^  are  some  of  the  circuits 
that  make  up'  the  miscellahiM>us  trunk  and  switching 
equipment  in  ydUf  exchange. 

429.  Give  the  piirppse  or  fuhdibn  of  jMch  of  several 
^eclffiedjpi^o|s  of  tj^^  jvHtchi^^e^ipnient, 
nuking  from  tlie  fire  tninic  and  ve^^rtf  ng  cdl  switch 
throiigb  access  io"  the  jndse  repeater  and  tiie  fire 
rep^ter  and  reverting'  caUl  switch  to  the  pulse 
rcpeater^s  ffhmction. 

'  Fire  Rep«iter.  The  fjre  repeater  and  m  asioctated 
bell  provide_a  mean^of  connecting  a  caliing  telephone 
to  the  base  ffre  d^ai^  calls  to  the  fire  a|arm 

reporting^  number  signal  the  switchboard  attendant, 
who  may' or  may  hot  aasist  with  the  call  or  recoitl  It; 
The  pr^^ure  followed  will  depend  upon  ydiir  base 
requirements. 

In  some  installatiohis  fire  alarm  calls  go  directly  to 
the  fire  dcfMrtrae^^  to  the  fire  tnmk  pfiuicl 

on  th^  attendant's  cabinet:  in  other  installations,  all 
fire  alarm  calls  are  answered  and  vmHed  by  ah 
attendant  at  the  iwifrhboard.  A  li^ill. fire  alarm 
number,  jBOffily  i  7^  or  1 1 7,  is /Assigned  ta  the  fire 
depirtih^lMti^epKo  If  calls  come  in  to  the  fire  trunk 
becaioe  of  dialjiig  ettors,  the  attendant  caa  relea^ 
SMch  calls,  .if  the  fire  call  is  genuine,  thc_ attendant 
extends  the  call  to  the  fire  department.  The  switch 
train  can  b^  l^eld  operated  by  the  attendant,  so  that  the 
call  can  be  tnfced  in  case  of  incomplete  information  or 


^  false  dianh.  Now  let  us  look  at  another  type  of 
**j>??ter,  ,thc  pul^  rcf^         _  _  i  

Pulse  Rep«Uer«  The  pulse  repeater  is  needed  to 
enabjle  a  telephbhe  subscriber  to  call  another 
siib^riber  in  a  distant  telephbhe  cetitral  office. 

The  ptilse  repeater,  also  referred  to  as  a  trunk  ^ 
repeater,  is  an  all-relay  switch  for  reputing  the^dlal 
pulses  from  one  circuit  to  another.  Pulse  repeaters  are 
used  m  areis  that  have  more  than  one  central  office  to 
complete  calls  froni  one  office  to  another.  A  pulse 
repeater  consists  essentially  of  a  group  of  relays 
mounted  _  on  a  switch  baie.  A  pulse  repeater  is 
associated  with  each  outgoing  trunk  from  the  central 
office.      -  ^ 

The  j)ulsc  repeater  that  you  will  study  (H^61 678) 
is  used  when  the  trunk  roistance  is  20Ck)  ohms  or  las. 
If  the  distant  central  office  is  so  far  away  that  the  trunk 
f oyer  2000  ohms,  ahbther  type  of  piilse 
repeatei^must  be  used:  ^  

The  poise  repeater  is  accessed  from  the  banks  of  a 
selector  switch  or  frbm  a  ^tchboard  jack  appearance. 

to  seize  the  pulse  r^eaten  After  it  has  been  scized,^  it 
reuixjis  dial  tone  fi'pm  the  distant  exchange  to  the 
calling  subi^t^r.  The  subscriber  then  d[ai$  thc^first 
digitof  the  desired  number.  The  puise  repeater  repeats 
th^  dial  pulses  rediicing  the  trunk  resistance  to  the 
distant^xdiatige.  llie  digit  t^^  throu^a  pulse 
repeater  in  the  du^Uint  exchange  into  an  incoming 
f^leabr  rl^tch,  wlH  ste^  to  the  pulses  of  the  dial. 
That  sekctor  cuts  ^rou^  tp  another  selector  or 
connector,  which  accepts  the  rcist  bf  digits  to  the  called 
number^    1 

Not  all  of  the  miscellaitjDqtis  trunk  and  switching 
equipment  in  ah  exchange  is  for  the  subscriber.  There 
^'"^  fonic  itOTS  tb^^  typCA,  one  of 

which  is  the  reverting  call  switch. 

Reverting  Call  Switch.  The  reverting  call  switch  is 
ah  all-relay  switch  which  enables  installation  and 
M #1  ritenah<^ pers^  to  ring  the  telephbhe  on  wh i ch 
they  are  working  by  dialing  a  special  number  which 
provides  acc^  to  a  reverting  call  switch.  The  reverting 
call  switch  cbriiists  of  ajfbup  of  relays,  resistors,  busy 
switch,  and  a  test  jack  mounted  on  a  switch  base.  The 
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s%yitch  is  jack  mounted  to  allow  easy  removal  for 
adjustment Jmd 

There  are  osaaily  two  reverting  call  switches  in  the 
typical  military  ihstailatiori.  The  switches  are 
connected  to  the  first  two  bank  contacts  of  level  9  of 
the  special  second  selectors.  If  the  first  reverting  call 
switch  is  in  use,  the  next  special  second  seleaor 


stejjped  to  level  9  will  step  across  to  the  bank  contacts 
to  which  the  second  reverting  call  switch  Is  connected. 

After  dialing  the  digit  9  Into  the  special  second 
selectbr^the  installer  then  replac^^  the  handset  on  the 
cra^l^^T^^l?  ^^lephone  rihjls  until  the  up 
the  handset  to  stop  ti]e  ringing.  He  then  hangs  back  up 
to  release  the  equipment. 


FIRE  TRUNK 
CONTROL  PANEL 


CORD  SHELF 
KEY  SHELF 


FACE  PANEL 
EQUIPMENT 


FRONT  View  HE-160 
Figure  3' I.  S(cp<by<ucp  attendant's  cabinet,  front  view. 
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Exercises  <429>: 
i .  What  is-thc  purpose  of  the  fire  repeater? 


2.  What  is  the  main  functioh  of  the  reverting  call 
switch? 


430.  State  the  functions  aiid  bperajibh  of  the 
attehdarit^s  cabinet  arid  its  associated  circuits. 


3.  How  is  the  pulse  repeater  accessed? 


4.  What  are  the  main  functions  of  a  pulse  re] 


5.  How  are  the  fire  repeater  and  reverting  call  switch 
accessed? 


5*2.  Attendant's  Cabinet  Descriplidri 

The  attendant's  switchboard  (cabinet)  of  a  step-by- 
step  dial  central  office  provides  services  that 
supplernent  those  provided  by  the  automatic  switching 
equipment.  These  services  are  given  by  one  or  more 
attendants.  They  ihcluxle  service  as  a  telephone 
infomation J^nu  the  jidmplctidn  of  calls  between 
dial  telephones  and  the  nondial  telephones  (common 
battery  and  magneto)  associated  with  the  exchange,  the 
conipletiqn  of  calls  Jo  and  Jfrom  sotne  other  central 
offices^  and  some  types  of:  special  services.  They  also 
assist  file  fire  department  in  validating  and  tracing  fire 
cklls  when  the  point  of  origin  is  not  given. 


Attendant's  Cabinet,  The  attendant's  cabinet, 
shown  in  figure  5-lJs  a  switchboard  ainsisUn^ 
or  more  positions:  A  position  is  that  part  of  the 
switchboard  one  operator  mans.  The  pbsitioh  is 
divided  into  one  to  three  panels.  T^c  number  of 
positions  depends  upon  the  maximum  expeaed  calling 
rate  and  is  determined  by  the  engineers.  The 
attendant's  cabinet  that  serves  ah  automatic  exchange 
may  aiso  serve  manual  subscribers. 

All  mahtial  ^  _syt>s<^nbcre  (CB^^  LB) 
have  an  incoming  line  jack  appearance,  while 
subscribers  ser\^  by  ah  automatic, exchange  do  hot. 
When  a  dial  subsCTilx^^  oj^rato^ 
he  may  do  so  over  the  information  trunk  which  is 
seizai  by  dialing  13  or  113,  or  over  the  operator's 
^"^  J^yJ4l4^l>PS_^cfb^  '   

The  operator  may  reach^any  telephone  served  by  the 
office  through  the  use  of  the  out-dial -to-Uric 
i pm  cii  t^  o  r  q u  t- d  i_a  1  -  to  -  co  h  n ecto  r  t r  u n  k s  The 
manual  subscribers  may  be  reached  by  the  operator 
through  their  lirie  jack  appearance.  The  opera  tor  niay 
reach  another  attendant's  cabinet  through  trunks  that 
are  terminated  on  the  switchboard:  The  subscribers  do 
riot  have  acc^  to  these  thiriks.  The  operator  may  also 
access  the  o^^1mnon  t^  equipment  from  ^e  out* 
dial-to-iine  equipment. 

JKetay  gate.  The  circuit  apparatus  for  the  cord 
circuits,  the  operator 's  j^itjcyi  circuit,  and  the 
attendant's  telephone  circuit  are  mounted  on  a  hinged 
steel  gate  at  the  back  of  each  switchboard  pc^iUon. 

Key  shelf  and  cord  shelfl  Tht  horizontal  portion  of 
each  basic  switchboard  position  contains  the  cords,  the 
supervisory  lani{^,  the  lever  switches  for  the  17  cord 
circuits  and  those  a^ciated  with  the  operator's 
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Figure  5-2   Key  ihelf  and  cord  ihelf  of  attendant's  cabinet. 
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position  circuit,  and  a  dial;  as  revealed  in  figtire  5-2. 
This  wjuipmcnt,  together  with  tihe  relays  rhdunted  on 
^Arc[ay  ^te,  make  up  the  i  7  »/niyer^l  cord  cir^^ 
Each  cord  circuit  contains  a  bUc-monitor  lever  switch 
(TALK  when  the  switch  is  pf^rated  toward  the  rear  of 
Ule  switchboard,  and  MON  when  the  switch  is 
operSed  toward  the  attendant)  and  the  ringing  lever 
switch  (RING  on  the  ahswer  cord,  when  the  switch  is 
PJ**^^*^  toward  the  rear  of  the  switchboard,  and  on 
the  call  cord,  when  the  switch  is  operated  toward  the 
attendant).  Lever  switches  (keys)  for  the  cord  and  the 
operator's  {WsjUori  circuits  lire  mbiirited  on  a  key  shelf 
shown  in  figure  5-2: 

NOTE:  Th|c  term  **lcver  switch''  (sometimes 
shortened  to  switch)  is  the  official  terminology  for  the 
cdmix)rient  pftim  described  by  telephone  personnel  as 
a  "key.''  Th rollout  this  courec,  the  terms  ** lever 
switch'',  "switch",  and  "key"  are  used  interchange- 
ably. 

Relay  mcks  The  circuit  apparatus  associated  with 
the  magneto  lines,  the  common  battery  lines,  and  the 
incoming  trunks  from  selector  levels  arc  mounted  on 
relay  racks;  these  racks  arc  installed  in  the 
switchroom.  The  relays  and  the  the  other  circuit 
apjjaratus  used  with  central  office  (city)  trunk  arid  with 
auto  -  to -  au  to  trunks  are  part  of  the  jju  Imi  repeated 
associated  with  these  trunks;^  these  repeaters  arc  also 
installed  in  the  switchroom.  The  relay  racks  are  placed 
near  the  TIDF  (trunk  intermediate  dlstribuung  frame) 
in  order  to  minimize  the  length  of  interconnecting 
cables,  Fuse  panels  at  the  top  of  each  rack  hold  the 
fusosi  that  protect  the  equipment  mounted  on  that  rack. 
The  line  and  trunk  equipment  circuits  terminate  at 
terminal  boards  oh  the  back  of  each  bay. 
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Figure  5-3.  Fire  trunk  control  panel. 


Fire  trunks.  Control  equi^ent  for  fire  trunks,  seen 
in  figure  5-3,  is  locatt^d  at  the  top  of  the  left-hand 
panel  of  position  i_  of  a  typical  attendant's 
switchboard.  Such  equipment  includes  a  push-switch 
assembly,  a  lanripholder  strip,  and  an  assembly  of  lever 
switches:  . 

Face  equipment.  The  face  equibmeht  of  an 
attendant's  switchboard  contains  designation  strips; 
strips  that  hoid  line  and  busy  lamps,  and  blank  spacers, 
Special  switch  panels,  such  as  the  fire  control 
equipment,  are  sometimes  included;  There  is  no 
standard  layout  for  the  face  equipment.  Each 
switchboard  will  contain  the  i^uipm^^  hj^ded  to 
fulfill  its  specific  requirements.  The  manufacturer's 
drawing  will  show  Jack  panel  equipment  and  auxiliary 
pilot  and  control  apparatus,  which  is  located  below  the 
jack  panels:  ^ 

A  night  alarm  circuit  is^provided  as  part  of  a  typical 
attendant's  switchboard.  This  circuit  is  usually  lGk;:ated 
in  position'!  of  multiposition  switchtx)ards.  The  night 
alarm  circuit  contains  a  buzzer,  so  that  incoming  calls 
will  give  audible  (asvweH  visual)  signals  when  the 
circuit  is  in  operatipn:  such  signals  are  used  during 
periods  of  light  traific.  A  night-alarm  switch,  located 
beneath  the  jackj/ dri  the  right-hand  jJariel^  of  the 
position,  permits  Se  attendant  to  disconnect  the  night- 
alarm  circuit  during  periods  of  normal  and  heavy 
traffic. 

Muitipiin^.  All  of  the  lines  and  trunks  (except  the 
fire  trunks)  connected  to  the  switchboard  are 
multiplied  to  each  switchboard  position,  so  that  each 
attendant,  has  access  to  all  lines  and  trunks.  Short 
lengths  of  cable  are  used  to  connect  the  jack  strips  and 
lampholders  strips  of  switchboard  position  1  with 
corresponding  strips  of  switchboard  position  2,  etc. 

Services  Within  the  Exchange,  The  attendsm 
switchboard  serves  primarily  as  an  information  center 
and  to_render  assistance  in  emcrgcnciw,^  such  as  fire 
calls.  The  attendant's  switchtHDard  al^^ 
between  dial  and  nondial  telephones,  and  calls  to  and 
from  city  or  other  central  offices  when  trunk  circuits 
fo r  th i s  f3U rpose  are  _p roy i ded^  Folio wi n g  arc  JK) me 
typical  services  that  arc  provided  by  the  attendant's 
switchboard  for  telephones  served  by  the  dial  central 
office.   ^  

Typical  attendant's  switchboards  are  equipped  with 
trunk  circuits  from  the  selector  0  level.  These  arc  used 
to  ahswer  calls  from  dial  telephones  when  0  js  dialed  * 
for  assistance  or  toll   service.   Call,   recall,  and 
disconnect  supervision  are  supplied  by  lamp  signals. 

The  atteridarit  can  extend  calls  that  reach  the 
switchboard  on  the  information  and  operator's  trunks 
to  nor>dial  tclcfjhdries,  or  to  city  or  manual  central" 
offices,  by  means  of  the  cord  circuits  and  the  out-dial 
or  other  trunk  circuits. 

The  attendant  answer  calls  from  niagneto  lines 
(Used  for  special  services  in  some  offices)  and  extends 
calls  to  dial  telephones  or  to  outgoing  trunks,  as 
requiredgtall,  recall,  and  disconnect  supervision  are 
effectecUrom  the  magneto  telephone  by  ringing  on  the 


line.  Calls  from  rtgal^r  dial  telephoniK  also  are 
extended  to  magneto  lines,  with  normal  lamp 
supervision  bh  the  calling  line.  Manual  ringing  on 
magneto  lines  is  required;  a  RING  switch  is  provided 
in  the  cord  circuit. 

The  attendant's  switchboard  also  handles  calls  from 
and  lb  aSmmon  battery  no  (manual)  telephones; 
nondial  telephones  are  sometimes  used  as  part  of  a  dial 
system,  for  certain  cases  ijL  which  dial  service  is  not 
used.  Normal  lamp  Jupclifision  is  received  from  a 
common  battery  line  through  operation  of  the 
telephone  hookswitch.  Calls  from  these  lines  are 
extchdcd  to  other  telephone  lines  or  to  city  or  manual 
central  offices: 

The  attendant  handling  fire-alarm  calls  may  ycrij^ 
the  calis  and  ejrtend  them  to  the  fire  department 
through  thfc  fire-control  panel  mounted  on  the  first 
position,  sfcbwh  in  figure  5-3.  Fire  calls  are  dialed 
from  statibt  lin^  by  dialingja  special  number,  usually 
1 17:  This  e  [tends  the  call  through  the  sp>ecial  second 
selector  anc  operates  the  fire  repeater,  sbuhdirig  an 
alarm  in  thi  switchrbbm  and  soundinig  a  buzzer  and 
lighting  a  ymp  on  the  attendant's  switchboard  fire- 
control  panel.  The  attendant  then  verifies  the  call, 
sends  the  alarm  tb  the  fire  department,  and  tr^sfers 
the  callinguelephone  to  the  fire  department  line.  The 
attendant  has  supervision  over  release  of  the 
equipment  and  can  hold  the  switch  train  :of  the  calling 
line  operated  to  permit  tracing  the  call  to  its  source,  if 
noed  be. 

Services  to  Other  Central  Offices.  When  the  dial 
central  office  has  trunk  circuits  to  other  centra] 
offices,  either  automatic  or  manual,  calls  to  these 
offices  from  telephones  hot  authorized  to  dial  them 
directly ^rc  handled  through  the  attendant's 
switchboard.  Telephone  that  wish  to  reach  such 
central  offices  dial  the  switchbbard^ri  the  mfbn^^ 
trunk  circuit.  For  (alls  to  manual  offices,  the  attendant 
relays  the  calllo  the  operator  at  the  manual  office.  For 
calls  to  dial  offices,  the  attcndsmt  ma^^  the  d<a;ired 
number  directly.  Disconnect  supervision  is  received 
from  the  calling  line.  Toll  c^Bs  can  be  limed  and 
rccdrdpd  the  attendant  pejaycd^^^^^^ 
handled;  the  aitcndant_ notifies  the  calling  telephone 
when  the  desired  (called)  line  is  available. 

Incoming  calls  from  other  central  offices  may  be 
extended  by  the  attendant  to  any  telephdhe  served  by 

dial  central  bffic*.  Cajlsjtb  d]al  l^^^ 
completed  by  dialing  the  telephone  through  the  out- 
dial -to-con  ncctdr  trunk  circuits  or  the  out-dial-to-ife 
1  i  n e-eq u  ij>m en  t  trunk   cj feu  its, _  _b  r  ih  ro u gh  th c 
operator's  selectors,   if  disconnect  supervision  is 
supplied   by  the  called   line.   Ringing  current  is 
automatically  suppli^d^by  the  connector.  A  call  to  a 
magneto  or  a  common  battery  manual  line  is 
completed  by  plugging  directly  into  the  proper  line 
jSck  and  ringmg  manually  from  the  switchboard 
Disconnect  supervision  is  received  by  lamp  signals 
from  the  common  battery  lines  and  by  ringing  from  the 


magneto  lines:  No  disconnect  supervision  is  receiv^ 
from  the  outside  central  office,  except  by  reringing  on 
the  trunk. 

Exercises  (43D): 

1.  Which  subscribers  have  line  jack  appearances  on 
the  switchboard  associated  with  an  automatic 
central  office? 


2.  How  many  universal  cord  circuits  are  mounted  on 
the  automatic  electric  switchboard  position? 


3.  By  means  of  which  two  types  of  circuits  can  a 
switchboard  operator  reach  any  telephone  served 
by  a  Strowgcr  central  office? 


DEPT  RLSl 


Figure  5-4.  Fire  trunk  circuit  schematic. 
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4.  Where  on  the  switchboard  is  the  fire  tmnk  control 
panel  located? 


5.  What  i^_^^  p^it^^  function  of  a  switchboard  in  a 
Strowger  exchange? 


6.  What  does  the  switchboard  operator  do  with 
respect  to  incoming  fife  calls? 


7.  Name  foar  circuits  that  are  associated  with  the 
switchboard  but  are  not  part  of  the  switchboard 
circuitry  proper. 


5*3.  Operation  of  Circuits 

As  we  have  me  mid  n^^^  repeaters  arc 

mounted  on  the  misceilaneoos  switching  equipment 
shelf  in  the  switchrt>6m.  Figure  5-3  illustrates  a  fire 
Utihk  Jx)ntrdl  ^Lnel  U5<!^  on  A^l^L  attendant *s 
switchboard.  Figure  5-4  is  a  circuit  schematic  of  the 
fire  trunk  control  ^uipmeht,  showing  one  trunk 
>^ 9^^  trunk  circuit  for  each  fire  repeater^ 
and  one  relay  and  alarm  buzzer  which  is  common  to 
all  trunks.  The  Hne  AL  or  trunk  lamps  LM2  are 
multiplnl  through  relay  A  so  that  the  buzzer  will 
sound  for  a  fire  call  on  any  trunk.  A  functional 
diagram  of  (he  fire  repeater  and  fire  trunk  control 
apparatus^  is  shown  in  foldout  6  (in  separate 
enclosure). 


431.  Us[dg  fdlddiit  6*s  ^Hi»nalic^diagrain»  specify 
the  actions  that** occur  in  the  fire  repeater  during 
operition  in  vol  vi  rig  certain  specified  portions  of  the 
eqiiipfneni  as  typicaiiy  enipioyed.  ^ 

Dialing  a  Fireball.  Subscribers  at  dial  telephone 
stations  place  fire  calls  by  djaling  the  number  17  or 
some  combination  of  digits  ending  in  1 7.  This  extends 
the  call  through  the  first  selector  and  the  special 
second  selector  to  an  idle  fire  repeater^  Relay  A  in  the 
fire  repeater  operat<^  grounding  the  release  trunk 
through  the  AUTO  RLS  switch  auid  cdmp^  a 
circuit  to  the  "il^lling  oPrelay  K  (FO  6):  The  selectors 
and  linefinder  used  by  the  calling  line  are_i)eJd 
operated  by  ground  oh  the  relea«:  trunk  (RLS  TRiC). 
Relay  K  operate,,  lighting  the  trunk  line  lamp  (over 
lead  AL)  on  the  fire  control  panel  at  the  attendant's 
swltchtx>ard.  Current  for  the  lamp  flows  through  the 
winding  of  relay  A,  seen  in  figure  5-4,  of  the 


attendant's  switchboard^  operating  it  and  closing  the 
circuit  to  the  buzzer  and  also  giving  ah  audible  alarm 
signal  to  the  attendant 

Exteriding  Call  to  Fire  Department.  To  answer  the 
call,  the  TALK  switch  fori  the  fire  (»ritrol_pariel)  is 
operated:  This  connects  battery  through  resistor  Rl  to 
lead  B  in  the  operator's  position  circuit  of  figure  5-4 
f^ii^^^^^  jh^  ^  headse  fire 

trunk.  To  extend  the  call  to  the  fire  department,  the 
FIRE  switch,  is  operated  momentarily,  grounding 
!?2^_Ql_ariJ^  PC.  Ground  on  lead  C  I  qpcratcs  relay  G 
in  the  fire  repeater  (FO  6),  which  locks  to  ground  on 
Iwd  DR  from  the  DEPT  RLS  switch  and  connects  ihe 
-FTRKl  arid  -TRKj  leads  of  the  trunk  to  the  fire 
department^  to  ^und,  and  to  the  200*ohm  winding 
of  relay  F.  Ground  oh^lead  DC  operates  relays  B  and 
D  iri  the  fire  ^»x^ter.  Relay  B  locks  to  ground  dri  lead 
RKl  from  the  AUTO  RLS  switch  to  hold  relay  D 
p  pexatci^  .conjicct  Jn  tc r  r upted  r  i  n  gi  ri g^  c u  r rehjt 
(INTRPTED  GNRTR)  through  capacitors  C3  arid  CI 
to  the  line — as  ringback  tone  for  the  calling  party — 
and  connect  nonihterhiptcd  ringing  cairrent  (DIRECT 
GNRTR)  through  the  2^^^  wiridirig  of  ri^rig 
cutoff  relay  F  t&  the  — TRK I  trunk  l«Ki:  Operation  of 
relay  D  revcrs«  battery  to  _th^  calling  telephone, 
connects  din^  \_\tid,  arid 

closes  an  additional  path  from  ground  at  the  AUTO 
RLS  s>yitch  over  lead  RKl  and  through  cohtaciB  6 ^d 
_^_9rr*j3iy_P  2yid  (X)ritacts  4  arid  5  of_rc|>cater  rel^y  D  to 
the  release  trunk  lead  to  hold  the  preceding  switch 
train  operatal  independently  of  relay  A  in  the  fire 
^?P*^i?r_:  T^c  rirt^irtg  c^ 

the  fire  department  ringsthe  fireilepartment  telephone 
cohtihudusly  until  the  firc^^^^ff&ncrit  answers..  The 
ringing  current  cbririectcdby^rt^  to  ALARM  NO. 
L  lead  rings  the  AC  ringer  in  the  switchroom  to  alert 
the  switchroom,  personnel.  Operating  the  fire  alarm 
ringer  switch  stops  the  ringingr^c  call  may  be  trac^ 
through  the  special  second  selector,  the  firy  selector, 
arid  the  linefinder  to  get  the  directory  nunni^r  dC  the 
cal  1  i ng^  1  i nc.  The  Hne- record  card  f o r  th is  nutii ber  is 
then  checked  to  find  the  location  of  the  telephone: 

/Ire  pepartiiieiit  Ansv/ers.  When  the  fire 
department  answers,  a  loop  circuit  is  closed  to  the 
2(X)-ohin  winding  of  relay  F  in  the  fire  repeater.  Re|ay 
F  operates,  locks  to  ground^n  lead  DR  from  the 
DEPT  RLS  switch,  extinguishes  trunk  line  lamp  LM2 
arid  lights  supervisoiy  lariip  LM 1 ,  cuts  off  ^ound  and 
DIREC^  GNRTR  from  the -fTRKl  and  -TRK[ 
leads,  and  connects  the  fire  department  through  ^o  the 
wiridirigs  of  relay  C  arid  E  in  the  fire  repeater.  Relay  C 
operata;  but  with  the  usual  wiring  of  the  fire  repeater, 
the  brwk  contacts  of  relay  G  are  permanently  short- 
circuited  arid  have  rid  effect.  In  some  installaiioris, 
operation  of  relay  C  would  extinguish  the  supervisory 
lamp.  Relay  E  is  differentially  wound;  so  it  docs  not 
operate. 

_  A^AlMf^S  cirCuit  bc^  telephone  arid 

the  fire  department  is  completed  through  capacitors 
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Cl  and  C2.  The  attendaht  monitors  across  the  R  (  — ) 
arid  t  (-f)  wires. 

If  the  fire  department  disconnects  a£d  it  is 
necessary  to  r(^ll  the  dcj^artmcnt,  the  DEPT  RLS 
witch  is  dperaied  momentarily  to  restore xclay  F^  This 
also  releases  relay  however,  and  the  FIRE  switch 
must  be  operated  again.    ^    ^ 

Release.  When  the  calling  telephone  disconnects, 
relay  A  in  the  rcj^tcr  r«torK  and  opens  brie 
cpnncctiori  bctwccri  Uic  RKl^and  Uic  I^^^ 
{FO  7),  leaving  the  calling  switch  train  heid  by  ground 
on  lead  RKl  through  thcJS-7  contacts  of  relay  B  arid 
the  5-4  cpriiacts  of  rejay  p.  When 
disconn^:^,  rclg^  C  restore,  but  lamp  hMl  remains 
lighted.  The  attoidant  monitors  the  call  arid  requires 
rib  supcmwQ'  sigial  t^^  r  _ 

The  attendam  r^or^  the  TALK  swjftch  and  then 
momentarily  operate  the  DEPT*LS  Wt  releasing 
relays  F  arid  G.  The  AUTO  XtS^^^^^^^^  then 
momentarily  operated,  releasing  relays  B,  D,  and  K, 
removing  ground  -from  the  release  trurijc.  and 
permittirig  the  svvill&i  tr^airi^  ""^^^y  P 

tiKtdres,  it  disconnect' ringing  current  from  ALARNl 
NO.  1  lead  and  connects  it  to  ALARM  NO.  2  lead ^  If 
the  switchriiari  had  opp^it^  the  iirc  alarm  ringer 
switch  to  stop  the  AC  ringer,  the  ringer  would  have 
again  operated  cojpfinuously  _  uriiil  the  switchriiari 
restored  the  svvitch  to  norma  on  the 

felea^  trunk,  through  the  binding  of  relay  K,  jnarks 
the  repeater  idle  to  the  special  sepnd  selector  for  the 
next  fire  call.  ^  ^ 


Exercises  (431): 

1-  How  rtia^ri^  fire  alai 
step-kr^-step  telephon 
there  are  10  fire  tru 


are  provided  in  a 
switching  center  when 


2.  How  is  it  possible  to  determine  the  station  from 
which  a  fire  call  is  receivwi  if  the  calling  party 
tenninates  the  call  bK^orc  giving  all  of  the  essential 
information  to  the  attendant? 


3.  What  step-by-$tcp  equipment  unit  must  be 
suppli6d  with  a  nj^atiye  battciy  potential  from  the 
fire  repeater  circuit  in  order  that  the  telephone 
switching  center  anendant  be  aware  that  there  is  a 
fire  call? 


4.  What  doK  the  switchboard  operator  do  to  extend 
aJire  call  and  how  docs  it  affect  the  trunk  circuit 
(F0  6)? 


;  3^7 

5.  What  happens  in  the  fire  trunk  circuit  (FO  6), 
when  the  fire  department  answers  a  call? 


432.  IJIIitg  foidoQt  7  as  needed,  give  the  pulse 
repeater^s  purpose  and  state  the  actions  that  occur 
and  their  affect  on  associated  equipment  during 
typical  operation. 

The  pulse  rcpipatjBr  is  aui  all-ieia^^ 
strengthen  and  repeat  dial  pulses  from  one  central 
office  to  another.  It  consists  of  a  group  of  relays 
riiburited  bn  a  syvatch  base.  Its  oj^ration  is  cmir^^^ 
electrical  since  it  does  not  have  the  stepping 
m^echanism  of  linefinders,  selectors,  or  cbririectors. 
There  is  a  pulse  fepwtcr  for  Jm^^^^  outgoing  Crwlr 
(interoffice  trunkj  at  tli^point  where  the  trunk  leaves 
the  central  office!  Thc^enn_''iriterolfice  trurik,'\as 
used  iri  this  discuMipri,Xs  the  gcriCT^ 
all  trunks  between  centra^  offices,  dial  or  manual.  It 
includes  both  auto-to-^utb  and  auto*to-riianual 
trunks.    _  _  *_  |  ^  

There  arc  two  t>pes  m  pulse  repeaters:  one-way 
pulse  rcpcatcre  and  tvvb-^y  pulse  repeaters.  Orie-way 
fstulse  repeaters  f^P^  oial  lPul^__froni  a  local 
(oi'iginatingj^ntral  office  over  interoffice  trunks  to 
a  oi^Lant  (tcrrftihatirig)  central  bffice.  This- 
#rrarigcriicrit  js  caUed  _a  one- way  •  jpulse^^  ^ 
beca^  it  permits  the  open^ion  of  interoffice  trunks 
in  one  directfoh  (butgbirig)  only.  Two-way  jHilsc 
re|3«aters,  on  the  other  hand,  permit  operation  of 
interoffice  trunks  both  from  a  local  office  toji  distant 
office  and  frbrii  a  distarit  bffice  tb  Uie  lckal  office,  oyer 
the  sariic  interoffice  irunks._A  one-way  pulse  repeater 
is  located  ^n!y  at  the^utgoing  end  of  an  interoffice 
trurik  iri  the  central  office  iri  which  the  calls  ori^natc. 
A  two-way  jpulse  n^eateru  located  at  each  end  of  an 
interoffice  trunk,  peirtnitting  the  use  of  the  interoffice 
trunk  for  both  butgbirig  arid  iricdmirig  calls  between 
the  two  offices: 

Foidout  1  is  a  simplifi^  ichematic  diagrarii  of 
typical  piilse  repeater.  Referring  to  jhis_ci^^ 
dia^am^you  will  see  that  a  three-wire  trunk  enters  the 
pulse  repeater  at  the  left.  This  trunk  ^^nsists  bf  a 
positive  lead  and  a  native  lead  Jbr  ulk 
dialing  and  a  C  lead  foj-  control  purp>oscs:  it  extends 
from  the  bahks  of  prpDpding  selector  in  the  local 
ceritral  bffice.  A  two-wire  iritcfoffi 
of  a  positive  and  a  negative  lead^  Jeayes  the  repeater  at 
the  right  (terminals  5  and  6  of  PLl )  arid  is  cbriri«:tai 
tb_|ri  irijxmiiri^  ^lector  in  the  distant  cental  office^ 
The  incoming  selector  is  similar  to  the  regular 
selector,  with  the  exception  that  the  iricdriiing  selector 
is  v^ircd  ta  the  repeater  instead  of  to  a  linefinder:' 

Outgoing  Cailsi  Outgoing  calls  reach  the  pulse 
repeater  frorii  a  regular  first  sclectbr  br  a  special 
second  selector  located  in  the  local  central  office  In 
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this  text,  this  office  will  be  rcferr^  to  as  the  local 
offic^,  arid  thc^^  which  ihc  f^pcatcr  extends  the 
caii  will  be-T0wre8^  as  the  distant  office: 

Seizure.  When  the  wipers  of  the  s^ctbi-  in  the  local 
qffjcc^^ize  the  trunk  l^Sidyig.  to  the  repeater,  a  ci rcui  t 
is  completed  from  negative  battery  through  the  lower 
200-ohm  winding  of  relay  A  of  the  repeater  (FO  7), 
through  contacts  2  and  3  of  reL^i^  D,_ out  the  negative 
side  of  the  calling  line  loop,  through  the  closed  dial 
pulse  spring  of  the  calling  teiephone,  back  over  the 
P^M^^  the  csUlijy;  line  lcK)j),  t^  contacts 

5  and  6  of  relay  D  of  the  pulse  repeater,  and  through 
the  upper  winding  of  relay  A  to  ground. 
11  When  relay  A  opciatK,  U  clbj^  its  (x^ntaa  4  with 
contact  5  and  its  contact  6  with  contact  7:  It  thus 
extends  the  dial  pulse  traiismittingcircuitJo  contacts  3 
9?  J^'^  P»  Mio^^pyt  _7J*lP^-  Relay  A  also 
closes  contactsi  2^nd  3  to  complete  the  operating 
circuit  of  relay  B.  The  operating  circuit  of  relay  B  runs 
frojti  ju^tivc  jMiltciy  through  the^inding  bf^rclay  B 
and  through  contacts  3  and>2  of  relay  A  to  ground: 

Whon  relay  B  dpera^sOt  connects  ^und  through 
its  oontacts  l  and  2/^thc  C  i«id  of  the  butgqirig 
selector  in_  the  local  office  to  hold  the  switch  train 
operated.  Relay  B  also  closes  its  contacts  3  and  4, 
^inpletinj  a  circiiit  thro  the  1400-bhm  winding  of 
relay  D  and  completing  the  operatin^kcuit  of  relay 
F.  Relay  P  does  riot  operate  at  this  time,  because  the 
magnetic  fie|d  dc^t^lo^d  by  its  1400»bhm  winding  is 
not^strong^  enough  to  move  the  armature. 

Relay  F  operates  arid  exteridi  t^  trunk  loop  to  the 
distant  office  to  ^ize  the  incoming  MJlcctor  in  that 
office  and  opensJhe  circuit  to  ihi  incoming  selector  in 
the  local  office.  The  circuit  to  tKe  iricbmirig  selector  iri 
the  local  office  ^'^'yi^inpleted  through  contacts 
1  ai^d  2  and  5  and  4  of  relay  F  before  relay  F  operated, 
relay  F  operates,  these  cdritacts  open. 

llie  trunk  loop  circuit  is  completed  from  ne^tive 
battery  through  one  winding  of  celay  A  in  the 
L^l^^niirig  i^lcctbr  at  the  _d istarit  pffice,  through 
contacts  4  and  5  of  relay  F  of  the  pulse  repeater  in  the 
distant  office,  oyer  the  negative  _$ide  of  the  loop, 
t^tPysM  contacts  5^  and  6  of  if  lay  F  of  the  local  pulse 
repttiter  (unlas  dtherwise  noted,  relays  referred  to  are 
iri  the  local  pulse  repeater),  through  contacts  3  and__2 
of  j-clay  C,  through  cbntacts  7  and  8  bf  relay  B, 
through  the  375-ohm  winding  of  relay  D,  through 
cpritacts  5  and  6  of  relay  C,  thrbughl contacts  6  arid  7 
of  relay  A,  through  contacU  v3  ^d  2  bf  relay  F,  over 
the  positive  side  of  the  loop,  through  contacts  2  and  I 
of  relay  F  of  the  pulse  repeater  iri  the  distant  office^ 
and,  finally,  through  the  other  winding  of  relay  A  bf 
the  incoming  selector  in  the  distant  office  to  ground. 
The  cbmj>letidri  Wiyiis  circuit  causes  relay  A  of  the 
incoming  selectOrN^pperate  and  prepare  the  selector 
to  receive  dial  puis 

Whcri  relay  F  bdbrates^  contact  8  breaks  with 
contact  7  to  open  ^>^4iktcatt<U)  the  C  lead  of  the 
incoming  selector  iitthe  local  office  and  makes  with 
contact  9  to  completl  the  operating  circuit  of  relay  E. 


This  circuit  extends  from  negative  baiiery  through  the 
wiridirig  bf  relay  E.  through  coritacts  1  and  2  of  SW-1 
(busying  switch),  and  through  contacts  8  and  9  of  relay 
F  to  ground. 

Relay  E  operates  and  connects  a  multiple  ground  to 
the  C  lead  and  the  swtich  train  through  contacts  2  and 
3.  ....  .    .  .  . 

With  the  loop  of  the  calling  telephone  exterided 
th rb ugh  the  pu  1^  J^P^J^^^iL t^  an  i d  1  e  i na>rri  i rig^^lectb  r 
in  the  distant  office,  the  incoming  selector  is  prepared 
to  operate  iri  response  to  dial  pulses  from  the  calling 
telephone.   i:__ 

Dio/ing.  When  the  dial  of  the  calling  telephone  is 
operated,  the  pulse  trairi  of  each  digit  dialed  is 
*'?P?^^***  ^  the  pulse  rep^ter  over  the  interoffioe 
trunk  ta  the  switches  in  the  distant  office.  The  first 
break  bf  the  dial  pulse  springs  opens  the  lobp  of  the 
caMlng  telephone  through  the  windings  of  relay  A  of 
theJocal  pulse  repeater. 

Relay  A  restores  and  opens  the  Ibbp  circuit  to  the 
incoming  selector  in  the  distant  office  by  breaking 
contact  4  from  contact  5  and  con^ct  6  from  contact  7, 
arid  completes  the  ofHsratirig  circuit  of  relay  C  by 
closing  its  contacts  1  and  2.  (The  holding  circuit  of 
relay  B  is  momentarily  broken  when  relay  A  r^tor^, 
hut  J-elay  B  does  riot  restbre,  because  it  is  a  slow- 
releasing  relay:) 

When  relay  C  operates,  it  opens  the  loop  circuit  to 
the  distant  bfTicc.  Tliis  ciroiit  pasi^^^^^  the  375: 
ohm  winding  of  relay  D:  Relay  C  also  connects 
negative  battery  to  brie  side  of  the  Ibop  (nbw 
Lnp^^pl^tc  because  relay  A  hlis  restbred)  to  the  distant 
office  and  connects  ground  to  the  other  side  of  the 
iricbriiplete  Ibop  to  the  distant  office.  These  two 
^PJin^^tibns  tb  negative  battery  and  ground 
(completed  through  contacts  4-6  and  7-9  of  relay  6) 
supply  the  voltage  required  to  transmit  dial  pulses  over 
the  Ibbj5  to  the  distant  office,  as  figure  5-5  reveals. 
Operated  jelay  C  also  removes  the  375-ohm  winding 
of  relay  D  from  the  loop  to  the  distant  office  by 
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Figure  5-5.  Battery  pulling  circuit. 
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opchihg  cbntact  6  from  contact  5  and  contact  2  from 
contact  3  .  _ 

When  the  dial  pulse  springs  close  during  the  first 
pulse,  relay  A  operates  again.  Relay  C  remains 
derated  temporarily  (it  is  a  slow-releasing  relay) 
while  relay  A  is  rc^perated.  The  battery  voltage  for 
pulsing  is  removed  from  the  trunk  lodpi  by  the  contacts 
of  relay  A.  As  the  dial  pulse  springs  open  and  close, 
relay  A  restores  and  operates,  connecting  the.  battery 
pulsing  circuit  across  the  loop  to  the  distant  office  with 
each  operation. 

After  the  last  pulse  of  the  last  digit  dialed  has  been 
transmitted,  the'  dial  pulse  springs  remain  closed,  apd 
relay  A  remains  in  the  operated  position  and  holds  the 
operating  circuit  of  relay  C  open.  Relay  C  r^tores  and 
disi»hneas  the  ba^  pulsing  voltage  from  the  loop 
to  the  distant  office:  Relay  C  also  connects  the  375- 
ohm  winding  of  relay  D  across  the  loop  to  the  distant 
office. 

Tulking  circuit.  When  the  caiied  party  answers,  the 
current  througfi  the  trunk  from  the  distant  office 
(through  the  3 75  vohm  winding  of  relay  P)  develops  a 
magnetic  field  that  aids  the  ma^etic  field  of  the  1400- 
□hm  winding.  Therefore,  relay  D  operates.  When  relay 
D  operates,  It  reverses  cuhrm  iii  the  line  Ibojj  of  the 
local  office  through  its  nriake^bcfore-break  contacts: 
The  relays  of  the  pulse  repeater  remain  in  the  positions 
held,  as  indicated  alx)ye.  during  the  period  that 
conversation  tak»  place  between  the  calling  and 
called  parti^. 

Release.  Th^c[rcuit  which  holds  relay  A  oj^rat^  is 
completed  through  the  cradle  switch  of  the  telephone 
of  the  calling  party.  The  calling  party  replaces  the 
handset  to  open  the  circuit  to  relay  A^  Rejay  A  rcstoris 
and  opens  contacts  6  and  7,  which,  open  the  loop 
circuit  to  the  distant  office  and  the  375-ohm  winding 
of  relay  D.  Conuct  2  breaks  with  ^ntact  3  (opening 
theiioJding  circuit  of  relay  B)  and  makes  with  contact 
1.  This»  however,  does  hot  complete  the  operating 
circuit  of  relay  C,  because  relay  D  has  operated  and 
opened  its  contacts  7  and  8»  through  which  relay  C 
operates.    

When  relay  B  rratores,  it  removes  ground  from^the 
C  lead  to  the  outgoing  Elector  in  the  local  office  by 
opening  contacts  J  and  2vOpcris  the  circii|t  thro 
]4b0-ohm  winding  of  relay  D  by  opoiing  contacts  3 
and  4.  op»ehs  contacts  7  and  8  through  which  the 
clrctiit  to  the  375-ohm  voiding  of  rd  D  y/ps 
completed,  and  also  opens  its  contacts_5  and  6,  which 
complete  a  holding  circuit  for  relay  C. 

When  relay  D  restores,  it  rever^  the  flow  of 
current  ihrough  the  loop  to  the  selector  in  .the  local 
office  and  closes  its  contacts  7  and  8  to  panly 
complete  the  circuit  to  relay  C  in  readinGss  for  the  next 
calL    '  _  _ 

Relay  F  restores  at  the  same  time  as  relay  D,  since 
its  circuit  was  completed  to  ground  through  contacts  3 
and  4  of  relay  B.  Whcui  relay  F  restores,  it  disconnects 
the  pulse  repeater  from  the  trunk  to  the  distant  office 
and  m^es  the  trunk  ready  to  handle  incoming  calls  by 
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connecting  the  trunk  to  the  incoming  selector  in  the 
local  office.  Relay  F  also  opens  the  holding  circuit  of 
relay  E  at  contacts  8-9: 

When  relay  E  restores,  it  removes  ground  frorh.  and 
places  negative  battery  bri.  the  C  lead  to  the  butgo^^^^ 
selector  in  the  local  office:  The  pulse  repeater  is  now  at 
normal  and  ready  to  handle  calls  in  either  direction. 

Incoihihg  Calls.  Ihcdmihg  calls  reach  the  local 
piilse  repeater  from  a  simUar  pulse  repeater  in  the 
distant  office.  The  pulse  repeater  in  the  distant  office 
may  or  may  not  be  identical  with  the  one  in  the  local 
office^  ______ 

Seizure.  The  pulse  repeater  in  the  diiiant  office 
seizes  the  incprriihg  selector  in  the  local  office  over  a 
tnink  Ibbp  which  passes  through  contacts  1  -2  and  4-5 
of  relay  F  in  the  pulse  repeater  in  the  local  office. 
When  relay  B  of  the  incoming  selector  operates  upon 
seizure  of  the  switch,  ground  is  co^  to  the  C 

lead:  The  C  lead  is  in  series  with  the  winding  of  relay  E 
of  the  local  pulse  repeater.  Ground  on  the  C  lead 
comj)lctcs  the  operating  circuit  of  relay  When.relay 
E  operates,  it  grounds  the  C  lead  to  mark  this  pulse 
rcj>iatcr  busy.      _       _  _ 

Talking  nrcuif.  Relay  E  of  the  pul»c  repeater  in  the 
local  office  is  the  only  relay  operated  during  an 
incoming  call.  It  remains  operated  until  the  switch 
train  is  released  by  the  cajljngjwt^   

Reim&e.  When  the  calling  party  replaces  the  handset 
on  the  cradtS,  the  sw^itch  train  is  released.  When  the 
incoming jwelortbr  in  the  Ibcal  qffi«/e1«ise$,  ground  is 
removed  from  the  C  lead,  thus  opening  the  operating 
circuit  of  relay  E.  When  relay  E  has  restored,  the  pulse 
t^j^^^^  normal  and  again  ready  to  handle  calls  in 
either  direction: 

Exercises  (432): 

1 .  What  is  the  purpose  of  the  pulse  repeater  used  in 
telephone  switching  centers? 


2.  In  what  type  of  calls  are  pulse  repeaters  used? 


3.  What  type  of  selector  is  ixscd  to  receive  an 
incoming  call  from  a  distant  telephone  switching 
center? 


4.  Why  is  the  C^ead  fron>  a  stcp-by-step  pulse 
repeater  connected  to  the  bank  of  a  selector? 


5.  What  device  serves  as  the  "dialing  relay''  in  a  step- 
by-step  pulse  repeater  circuit? 
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6.  How  is  a  step-bi^step  pulse  repeater  identified  as 
being  idle?  * 


7.  What  effect  dcM»  an  operated  busy  switch  have  on 
a  step-by-step  pulse  repeat^r^^O  7) 


8.  What  rciay  operates  in  the  pulse  rep<^ter  (FO  7), 
and  what  causes  it  to  operate  on  an  incoming  call? 


^-  What  do«  the  operatic     of  relay  E  in  the  pulse 
repeater  circuit  (FO  7)  do?  Why? 


433.  Using  fbldbut  S*s  schematic  diagram  as 
MX^uj',  iiidl(»le  th^  occur  in  the 

reverting  adl  switch  during  typiiod  operation  of  that 
switch. 

Seizure.  When  the  sp«:iai  second  selector  cuts 
through  to  the  reverting  call  switch,  foldout  8,  relay  A 
is  from  line 

A  relay  openzrer^  Contacts  i  and  2  further  open  a 
circuit  to  relay  D.  Contacts  3  and  4  complete  a  circuit 
to- relay  B:  :  

B  relay  opmites.  Contacts  1  and  2  open  the  circuit 
y^at  ^^JM  marking  the  switch  idle  with  500-ohm 
resistance  negative  battery  ouj  on  th^C  1^  to  the 
spec^l  selector.  Contacts  2  and  3  complete  a  circuit 
for  Ppyn^  ptit  oil  the  C  lead.  This  ground  h<i Ids  up  the 
preceding  equipment  and  aiK>  marks  this  P^r^ng  call 
switch  busy.  Contacts  4  and  5_partiWy  prepare  a 
?!r^|t  to  relay  p.  Cdnucts  6  7  cbifiplete  a  holding 
circuit  for  relay  B:  Contacts  8  and  9  provide  a  ground 
to  start  the  rihging  machine  if  it  doa  not  run 

Insidjer  Hanp  fcfp  Phone.  The  installer  now 
replaces  his  handset  on  the  cradle.  This  opens  the  line 
loop  auid j^Ui^  relay  A  to  Thc^  thin^ follow: 

A  relay  releases.  Contacts  i  and  2  complete  a  circuit 
?9  relay  p.  Conta^  3  and  4  open  the  operating  circuit 
to  relay  B,  but  it  does  not  rel^bie  for  it  has  a  holding 
circuit.    '       '  _ 

__  _P  ''/^X^P^^^^  1  and  2  and  4  and  5  open 

the  circuit  further  to  relay  A:  Contacts  2_anjl  3  and  5 
arid  6  coriipJcte  a  circuit  for  ringing  current  to  flow 
through  the  J  relay  arid  out  the  positive  side  of  the  liric 
and  to  return  on  the  negative  $ide  of  the  Une.  This  is 
referred  to  as  ringing  on  the  positive  side  of  the  line. 
Contacts  7  and  8  complete  a  circuit  to  operate  relay  E. 


E  relay  operam:  Tht  E  relayjs  a  timing  relay.  When 
it  operates,  it  mechanical  iy  sets  into  vibration  its 
wei^ted  'sj5ririg.  Because  relay  F  is  slbw.tb-opcrate. 
the  intermittent  closing  of  the  circuit  to  relay  F  does 
not  at  first  cause  relay  F  to  operate;  As  the  vibrations 
diecriease  in  ariiplitude,  the  circuit  to  relay  F  is  closed 

A  L^"8?f  period  of  tim^^^  and  shortly  before  the 
weighted  spring  com«  to  rest,  relay  F  operates. 

F  relay  operates.  Coritacts  1  and  2  and  4  and  5 
remove  the  ringing  c^m  from  the  positive  side  of 
the  line.  Contacts  2  and  3  and  5  and  6  complete  a 
circiiit  for  nrigirig  current  to  be  sent  out  the  native 
side  of  the  line.  Conucts  7  and  9  o:>mplete  a  circuit  for 
relay  C  before  the  5hort  circuit  to  relay  €  is  removed 
by  coritacts  8  and  9. 

C  r^y  op<m«.  TTic  C  rcla  timing  relay.  When 
it  operates,  it  m^hanically  sets  into  vibration  its 
wci^itcd  spring,  The  intermittent  short  circuiting  of 
the  winding  of  the  relay  E  does  not  at  first  ^use  relay 
E  to  restore.  As  the  vibratioris  decrease  ia  amplitude, 

winding  of  relay  E  is  short  circuited  for  a  longer 
period  of  time,  and  shortly  before  the  weighted  spring 
coma  to  rert,  relay  E  releases. 

rWdoscs.  Coritacts  I  and  2  open  the  circuit  to 

relay  F: 

F  relay  release.  Contacts  2  and  3  and  5  and  6  opcir 
^^'^.nn^ng  circuit  fro rii  the^rgitive  side  of  the  line. 
Contacts  1  imd'2  and  4  and^  complete  a  circuit  for 
nrigirig  current;  out  the  positive  side  of  the  line. 
^J*^**^  9  place  a  stort  circuit  ori  relay  C^  and 
cbntacts  7  and  9  open  the  operating  circuit  for  relay  C: 
_  S '^^ew^-  Coritacts  1  ani  2  remove  the  short 
circuit  to  relay  E: 

E  relay  operates.  This  sequence  will  continue  untii 
hand^t  is  lifted  frorii  the  cradle. 

inslatler  tills  the  Hanitet  From  theJTradle.  this 
completes  a  circuit  for  theJXT  on  the  ringing  circuit  to 
flow  dirough  the  J  rela^.^ 

J  relay  operate,.  Contacts  1  and  2  complete  an 
operatirig  circuit  for  the  H  relay. 

l^Myj^^'^^^  contacts  1  and  2  cbriiplete  a 
holding  circuit  for  the  H  relay.  Contacts  3  and  4  open 
the  circuit  to  relay  D.  Contacts  5  and  6  open  the 
I^^^L^j^S  circuit  to  relay  B,  jwttmg  ij  q^n  slow-tb- 
release.  Contacts  7  and  8  open  the  ringing  machine 
circuit. 

b  relay  releases.  Contacts  2  an d  3  and  5  and  6  open 
the  circuit  for  the  ringing  current  and  the  J  relay: 
Contacts"  1  arid  2  and  4  arid  5  coriiplete  a  circuit  to 
relay  A.  Contacts  7  and  8  open  the  c^lfoiit  to  relay  E. 

J  relay  releases.  Contacts  J  and  2  open  the  orcrating 
circuit  to  the  H  relay.  The  H  relay  does  riot  rele^  due 
to  a  holding  circuit: 

A  relay  operates.  Contacts  1  and  t  further  open  the 
circuit  to  the  p  relay.  Cbntaas  3  and  4  cbriiplctcj  a 
circuit  to  the  J  re|ay  to  keep  it  from  releasing. 

Iiifltaller  Replaces  the  Handlset.  The  handset  is 
replaced  on  the  cradle.  This  opens  the  circuit  to  the  A 
relay.  TTiesc  actions  follow: 

^flay  releases.  Contacts  1  and  2  further  open  the 
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circiiitib  the  D  relay.  Contacts  3  arid  4  bperi  the  circuit 
to  the  B  relay,  punihg  the  B  relay  bh  slbwftd-rclea^^ 

B  reiay  reieases.  Contacts  2  and  3  remove  ground 
from  the  C  lead.  This  will  cause  l&e  switch  train  to 
release;  this  al»3  removes  the  H  rcl^fc  hd^  circuit. 
Contacts  1  and  2  rnark  the  switch  nfe  with  500-ohm 
resistance  negative  battery.  Contacts  4  and  5  further 
open  the  circuit  td  relay  D.  Contacts  7  and  6  further 
open  the  jiolding  circuit  to  relay  B:  Contacts  8  and  9 
further  open  the  ringing  machine  start  circuit. 

H  relay  releases.  Cdritacts  J:  J^id  2  dpcn  i^  dwii 
holding  circuit:  Contacts  3  and  4  partially  close  the 
circuit  to  the  D  relay.  Contacts  5.  and  6  partially 
complete  the  holding  circuit  to  relay.  Contacts  7  and  8 
partially  complete  the  ringing  machine  start  circuit:. 

Exercises  {4S3h 

1.  What  happens  when. seizure  of  the  reverting  call 
switch  occurs? 


2.  >\Ticn  the  installer  han^  up  the  first  time  relay  D 
operates,  what  do  the  D  relay  contacts  do? 


3.  What  docs  the  H  relay  do  when  the  installer  lifts 
the  handset  of  the  ringing  telephone,  and  what  is 
the  result  of  the  H  relay's  action? 


.4.  What  relays  release  when  \be  installer  hangs  up  the 
phone  the  second  time? 


^^•  y^'^Sj^l^^Qt  9  as^eeded,  specify  the  actions 
that  occur  in  the  switchboard  and  iubciatcd  circuits 
during  operation  and  what  affect  t hex  o|m^ 
have  on  specified  equipment  as  typiaiiy  employed. 

Sc%icc  failures  c^h  be  reducixl  b^^ 
of  the  equipment  and  by  frequent  tests  and  inspections. 
A  thor9ugh  knowledge  of  the  functions  of  the  circuit 
apparatus  arid  an  ijndi^rstanding  of  the  Circ^^ 
operation  are  necessary  to  perform  ;efficient. 
troubleshooiing  and  repairs.  This  section  describes  the 
functions  of  the  circuit  apparatus  used  wi^^^^ 
attendant's  switchboard:  Circuit  schematics  and 
functional  diagrariis  arc  included  (FO  9,  figs  1 
through  5)  td  assist  ydii  iri  understanding  the  purpose 
and  function  of  the  circuit  apparatus  and  as  an  aid  in 
troubleshooting.  -  . 

Universal  Cord  Circuit.  The  Universal  cord  circuit 
used  on  the  anendant's  switchboard  will  interconnect 
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all  types  of  lirie  arid  tiiirik  circuits*  auidmaiically 
adapting  itscif  to  the  circuit  requirements  without  any 
change  or  adjustment  by  the  attendant.  The  functions 
of  the  circuit  apparatus  differ  with  the  types  df  circuits 
cdrihcctcd  at  the  ends  of  the  cord  circuit: 

Battery  supply  to  called  or  calling  lines.  The  universal 
cord  circiiit  detenriines»  by  the  sleeve  circuit  connects, 
whether  the  caUing  telephone  and  the  called  telephone 
are  to  receive  battery  supply  from  the  cord  circuit.  If 
the  cord  circuit  is  conricctcd  td  a  line  that  requires 
battery  supply*  relays  in  the  cord  cirsuit  operate,  and 
the  call  or  front  supervisory  lamp  lights.  The  atteadant 
rings  the  called  telephone,  and  the  calling  or  front 
s^pciVisdry  lamp  J$  cxtinguishisl  when  the  calidd 
telephone  is  answered  _ 

Calls  to  dial  lines,  Ot]  calls  which  the  attendant 
<x)]tiplctes  by  dialing,  i^^  cord  circuit  clos« 

the  Loop  ahead  to  seize  and  bold  the  dial  switch  train; 
it  lights  the  calling  or  front  supervisory  lamp, 
j^jltiittin^  the  attchdanuo  dial  out  through  the  calling 
(or  answering)  plug  The  calling  or  front  supervisory 
lamp  is  extinguished  when  the  called  telephone  is 
answered. 

Caiis  on  trunks  to  other  offices.  On  calls  which  the 
attcridant  extends  td  a  distant  dial  dr  manual  central 
office,  thc^riivcrsal  cord  circiiit  clos«  the  loop  to  the 
distant  office  and  completes  a  transmission  circuit 
bctwccri  the  calling  telephdne  arid  the  called 
telephone^    . 

Splitting:  The  universal  cord  circuit  is  wired  to 
j)cnriit  the  attcndarit  to  split  the  cpnnectidn--^hat  isC  to 
talk  with  cither  the  caUihg  or  called  telephone  without 
being  heard  at  the  other  telephone.  This  is  done  by 
controls  in  the  ppcr^ipr's  position' circuit  ^ 

Mb/iuorm|^Tlic^attendto  may  monitor  any. call  set 
up  with  the  universal  cord  circuit,  _ 
__  Adapting  the  Cord  Circuit  to  the  UrievCirctiit. 
Tlicrc  arc  three  typ«  of  jack  sliKvc  circuits  ised  in  the 
attendants  switchboard  equipment.  NVhcn  a  plug  is 
inserted  irtlo  a  jack,  the  jack  sleeve  coritrols  the 
operating  features  of  the  cord  circuit  as  follows: 

Jack  sleeve  conneaed  to  ground.  This  type  of  jack 
sleeve  is  shown  iri  fdldoui  9.  It  is  typical  of  commd^ 
battery  line  circuits  and  trunk  t^ircuits  from  selector 
levels:  When  an  answer  plug  is  inserted  in  a  coriimon 
battery  line  jack,  relays  B  and  C  df  the  tord  circuit 
operate  .  When  a  call  plug  is  jnscrtcd  in  a  common 
battery  lini:  jack,  relays  E  and  F  operate.  In  each  case, 
the  cord  circuit  siipplies  battery  to  the  telephone  linc^ 
The  su^pcrviisory  lamps  are  operated  by  opening  or 
closing  the  tip  and  ring  of  the  cord  circuit  over  the 
loop.  When  the  cord  circiiit  isjxjnnectod  to  a^c^ 
line,  the  answer-supervisory  lamp  docs  not  light  if  the 
handset  at  the  calling  telephone  is  off  the  hookswitch; 
it  does  light  when  tte  handset  is  fcplaccd  on  the 
hookswitch;  The  cord  circuit  call  supervisory  lamp 
lights  when  the  cord  circuit  is  corinected  to  the  called 
lirie,  is  extinguished  when  the  hand  is  lifted  from  the 
called  telephone,  and  lights  when  the  handset  is 
replaced  on  the  hooksk* 
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Jack  sleeve  connected  (ogrtHmd  through  d  S  JOG-ohm 
r&istance:  This  sleeve  type  circuit  is  sheen  in  tbidout  9, 
figure  3.  This  type  of  siccvc  is  typic^  of  magneto  Hndi, 
of  ring-down  trimks--^uch  a^sdrhe  idhg  distance 
trunks— and  of  jnanual  office  trcmks.  ReUys  B  and  C 
in  the  answer  end  and  E  and  F  irrthe  cali  end  of  the 
cord  circuit  do  not  operate,  aii<d  the  cord  (Circuit  does 
not  supply  baaery  oi^^e  line  or  trunk. 

_       M^'P^o  Ji?^-  _^  plug  is  inserted  into  a 

magnctQ_linc  jack,  no  direct  oarrent  flows  in  the 
circuit.  Dry  ceib  at  they,magneto  telephone  suppfy 
battery  for  its  t^^  hand  generator  or 

maj^eto  rapptitt  die  sij^aling  current  pie  anendant 
receives,  ho  supervision,  and  the  cord  circuit 
«i^ryi«^  lam  unless  the  telephone 

user  operates  the  magneto;  this  ^tseiihe  a>fd  circsit 
supervisory  lamp  to  li^t  The  supcrvlsoiy'  lamp 
rettlains  lij^^^  is  dpcralttj  or 

tiAtil  the  attentat  disconnects  the  plug. 

b.  Ring-down  trunks:  The  cord  circuit  closes 
direct  current  circuit  over  the  trunk  to  serve  as 
bpJ^Jhg  ^^ridgc  to  operate  arid  hold  the  trun 
equipment.  Supervision  On  Uiis  type  of  trunk  is  the 
same  as  that  oh  magneto  lin^. 
_        ^^'^^  QP^'  PoldpRt  9  also  shows  this  type  of 
jack  sleeve  circuit:  This  circuit  is  uaed  for  typical  out- 
dial  or  onc-\yay-dial  trunks.  When  a  calLplu^j  is 
L'l^^J^^J'^  tte  om^  relay  P  of  the 

cord  circuit  operates.  Thexord  circuit  clos«  a  direa* 
current  circuit  over  the  trunk  loop  and  serves  as  a 
holding  bridge^  operate  and  bold  the  dial  switch  or 

the  trunk  eqaipment.>ifting  the  hmdset  at  the  called      '^^^  ^^^^  SlobscriteNsTcmlnateTi^ 


C  relay  operates  (cord  circuit Con  tacts  1  and  2  open 

re^^f'^*? •  Qo'l"^^^^^^  3"  alternate 

circuit  to  the  supervisory  lamp:  Contacts  7,  8,  9,  and 
10  close  the  circuit  to  the  A  relay. 

A  relay  operates^  (cord  circuit  I  Contacts  land  2  open 
t^hc  di-cuii^  jo  the  03^r^^  lamp.  Co ri tacts  > 

and;^  prepare  a  circuit  for  disconnect  supervision:  k 
B  relay  reieasesjcord  circuit).  The  attendant  answers 
the  call  by  operating  the  TAj^K  MON  key  to  \hc 
TALK  positiori.  The  bottom  set  of  contacts  short  the 
winding  of  the  B  relay,  whidi  releases  but  has  no 
function  at  this  time.  The  third  set  of  key  contacts 
close  a  circuit  to  the  lower  winding  of  the  G  relay.  The 
remaining  contacts  have  no  functions  at  this  time.. 

__  ^J^'^^^y  f^^T^J^        drculth  Contacts  3  B,  4B,  3T, 
Sid  4T  extend  the  voice  path  from  the  call  side  of  the 
repeat  coil  of  the  cord  circuit  to  the  induction  coil 
3^2)  of  the  bpcra^^    tclephorie  circuit.  The  operator 
may  now  talk  with  the  subscriber.  ContacG  1 B  and  2B 
paniaijy  close  a  circuit  to  the  H  relay.  Contacts  58, 
2?'_5X'        7T_  connect  the  tip  arid  ring  of  the  call 
L  pfug  to  the  position  circuit:  Contacts  IT  and  2T 
^ /complete  a  locking  circuit  and  an  operating  circuit  for 
/relay  A  irt  the  operatdr's  position  circtiit. 
/     A  relay  operates  (opr  pos  circuit).  Contacts  I  and  2 
/  open  the  original  operating  path  for  the  G  relay  in  the 
corjj  circuit.  However,  it  is  locked  up.  Contacts  3  and 
4  further  opcri  the  circu it  to  the  A  relay  in  the 
operator's  telephone  circuit,  Whcrr  the  attendant 
receives  the  required  information  from  the  subscriber, 
the  call  cari  be  exterided  to  the  called  subscriber. 


telephone  rcyeraci  the  conn^idn  to  the  banery  supply 
on  jhe  trunk  arid  gives  supervisory .  sig;nals  to  the 
operators     '  .  «  .    ■  ^ 

__Pl^j*^^  <Hi  Coiiiihon  Battery  Line  Circtiit 
(Direct  Groimd  Sleeve).  This  is  a  detajlicd  circuit 
description  of  an  attendant  answering  an  incoming 
uriiyereal  cord  circuit,  operator's  pbsitioh' circuit,  as 
shown  in  foldout  9,  figure  2,  and  the  operator's 
telephone  circuit,  as  shown  in  foldout  9,  figure  1.  A 
^^JPi^jph  *>atjtcry  subscriber  derriarids  service  by 
removing  the  handset  and  closing  a  circuit  to  the  B 
relay  in  the  line  circuit. 

^^Jl^^y  9^P'^'^  (^P^^J^}^^^^^^  5  clcwe 

a  circuit  to  the  tine  tamp:  The  operator  inserts  the 
answer  plug  into  the  jack.  The  jack  contacts  close  a 
circuU  to  the  slaves  of  the Ja^^^  ^^_plug«  exteridirig^a 
ground  to  the  jvindings  of  relay  B  and  C  in  series  in  the 
cx)rd  circuit.  The  jack  contacts  also  close  a  circuit  to. 
the  A  relay  in  the  [iifc  circuit.  _ 

A  relay  operates  (line  circuit).  Contacts  5  and  6  close 
a  circtiit  to  the  busy  lamp.  Contacts  1 ,  2,  3,  and  4  open 
the  circtiit  to  the  B  relay. 

B  relay  releases  (line  circuit).  Contacts  4  and  5  open 
the  circuit  to  the  line  lamp. 

B  r^tay  operates  (a>rd  circuit).  Contacts  1  and  2  clos?^ 
to  the  cord  supervisory  lamp,  as  foldout  9. 


ts  r&ia 
a  circijt 
figure  |2 


shows. 
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central  office  on  ajhagneto  trunk  circuit,  which  is 
shown  in  foldout  9.  Then  the  attendant  inserts  the  call 
plug  into  the  idle  ma^etd  trunk  jack.  The  jack 
contacts  close  a  circuit  to  the  A  relay. 

Magneto  Trunk  Circuit  (High  Resistance  Sleeve). 

THi*  ci  rcui t  apj>ears  in  fagb ut  9 ,  fi gu rej  3 .  Assoc i ated 
wU4i  it  are  these  aaions:  ^ 

I A  relay  operates  (mag  circuit):  Contacts  6  and  7  close 
a  qirctiit  to  the  busy  lamp.  Contacts  1  and  2  are  used 
for  airricr  termination  when  ne^ed.  Co^ntacts  4  and  3 
opeath^  circuit  to  the  line  or  trunk  lamp:  Contacts  8 
arid  9  prepare  a  locking  circuit.  Relays  E  F  iri  the 
CO ^  ci  rcu i  t  wi  1 1  not  operate  because  d  f  ^  resisjd rs 
Ri  ttnd  R2  in  series  with  the  ground  on  the  jack  sleeve. 
The  effect  of  these  two  relays  ori  the  circuits  is  rib  cprd 
lamp  supervision  and  no  transmission  battery  supplied 
to  the  subscriber.  The  attendant  operates  the  ring  key. 
The  CO ri tacts  of  the  key  accomplish  the  followirig:  (  I ) 
place  a  ground  on  the  motor  start  lead  to  start  the 
ringing  generator  if  it  is  hot  running;  and  (2)  open  the 
ihansniission  path  through  the  i:xi>rd  circuit  to  j)revcrit 
the  calling  party  from  being  rung  i^  the  ear.  The 
capacitors  C5  and  C6  bleed  ofi^  some  of  the 
ringing  current  for  ringback  torie  to  the  callirig 
subscriber  and  the  attendant:  The  contacts  also  (3) 
connect  the  generator,  positive  and  negative,  to  the 
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cajled  line  ihrough  ihc  call  plug:  The  ringmg  going 
through  xhe  magneto  trunk  operates  the  C  relay. 

C  rrtay  operutes  Cmag  circuit):  Contacts  IB  and  2jB 
short_DUl_Ri_and  close  a  circuit  to  the  E  relay  in  scries 
with  F.  The  F  relay  v^ll  not  operate  dupS^^ 
curtcnt.  The  E  relay  will  not  operate,  bccauslf  the  1 00- 
ohm  vvinding  is  shoriwi  by  thq  talk  key.  The  attendant 
releases  the  ndrilocking  ring  k^j  ahd  n  rcturnf  to 
hopTial.  removing  the  ringing  current,  ringback  tone, 
and  opening  the  motor  start  leads.  Removing  the 
ringing  current  causes  the  C  relay  in  the  magneto  trunk 
circuit  to  release.  It  also  partially  closes  transmission 
path  through  the  cord  circuit. 

C  retay  reieases  fmag  circuit K  Contacts  IB  and  2B 
remove  tht  short  on  rt^isior  Rl  and  place  it  in  scries 
with  the  E  and  F  relays  in  the  cord  circuit.  The 
attendant  restores  the  talk  Jcey,  which  opens  the  circuit 
to  the  G  relay  in  the  cord  cTfetiit  and  A  relay  in  the 
fwsiiion  circuit.  It  also  opens  the  short  circuit  oh  the 
winding  of  the  E  relay;  however,  E  will  not  operate 
because  ojf  the  high  resistance  on  the  sleeve.  The  call 
supervisory  lamp  docs  not  light,  but  the  atteridarit  can 
monitor  to  determine  whether  or  not  the  called 
teicphojic  has  been  answered;  to  do  this,  the  TALK 
MON  key  is  operated  to  the  MON  position.  This 
a>nnects  the  operator's  receiver  across  the  tip  aijd  ring 
of  the  cord  circuit.  When  the  called  subscriber 
answers^  there  will  be  ho  visual  supervision,  but  the 
operator  will  hKu-  the  caUed  subscriber  talking.  The 
monitor  key  is  then  resibrtti  to  normal.  The  talk  bey 
.opens  the  cgritacts  that  kept  relays  B  and  E  shbrtwi  m 
the  cord  circuit:  in  this  case,  relay  B  will  operate  in  the 
answer  cord  circuit,  because  the  cord  is  connected  to  a 
cbmmdh  battery  N  line  circuit,  ^yhch  the  magneto 
subscriber  disconnects,  he  must  "ring  off'  by  turning 
the  generator  crank  on  the  subset.  The  ringing  current 
operates  the  C  relay  in  the  rhaghetb  trunk  circuit. 

C  relay  operates  (mag  circuit).  Contacts  IB_and  2B 
short  the  25 00-ohm  resistor,  causing  relay  E  in  the 
cord  ciriS^j  to  operate  Contacu  3T  and  4T  partially 
close  a  circuit  to  the  B  relay,  _ 

E  relay  operates,  (cord  circuit).  Contacts  I  and  2  c|dsc 
a  circuit  to  the  call  supervisory  J  amp.  When  the  ringing 
current  is  removed,  relay  C  reJeases, placing^ the  2500- 
ohm  resistor  in  scries  with  relay  E.  Relay  E  will  hold 
operated  until  the  talk  key  is  operated  or  the  caii  plug 
is  removed.  This  will  keep  the  supervisory  lamp  oh 
until  the  attendant  dcterraihes  whether  or  not  the  lamp 
is  a  ''disconnect"  or  "recall:"  The  attendant  operates 
the  talk  key  and  challenges  the  line.  The  contacts  of 
the  key  shorts  ^ui  the  winding  of  the  E  relay,  and  it 
releases. 

E  reiay  releases  (cord  circuit).  Contacts  1  and  2  open 
the  circuit  to  the  supcmsory  lamp.  If  thc^ 
subscriber  is  not  on  the  line,  the  attendant  removes  the 
call  plug^.  The  contacts  of  the  jack  open  the  circuit  to 
the  A  rel^y. 

A  retay  releases  (mag  circuit).  Contacts  6  and  7  open 
the  circuit  to  the  busy  lamp.  Contacts  1  and  2  close  the 


idle  termination.  The  remaining  contacts  are  of  no 
consequence  at  this  tirhe.  The  rhaghetb  trunk  circuit  is 
hoj^'  hbrihal.  When  the  aitchdaht  operates  the  talk  key 
to  normal,  the  call  portion  of  the  cord  circuit  is 
returned  td  normal.  Assuming  that  the  calling 
subscriber  hanjs  u]p  at^  this  time,  the  line  loop  is 
opened  at  the  subset,  and  relay  A  in  the  cord  circuit 
releases.  You  will  rccall  that  relays  A.  B.  and  C  were 
operated  when  this  call  was  completed. 

A  relay  releases  (cord  circuit).  Contacts  I  d^nd  2  close 
a  circuit  to  the  answer  supervision  lamp.  The  attendant 
removes  the  answer  plug  from  the  jack.  The  contacts  of 
the  jack  open  the  circuit  to  relays  C  and  B,  which 
release;  and  the  cord  circuit  is  back:to  normal: 

We  have  completwi  a  call  from  a  common  battci^ 
trunk  to  a  local  battery  trunk  usihg^ the 
circuit.  The  cord  circuit  furnished  transmission  battery 
to^he  coranlon  battery  subscriber,  b^t  iioi  to  the' local 
battery  subscriber  You  will  also  re^  1 1  that  the  mag- 
neto trunk  placed  a  high_rcsistancc  grouhd  oru-thc 
sleeve  and  disabled  relays  E  and  F.  Wheri  wmc  of  the 
resistance  was  removed^  the  E  relay  did  operate:  The 
common  battery  trunk  had  visual  supervision,  but  the 
local  battery  trunk  had  hone.  The  common  battery 
trunks  may  be  cx)hnected,  and  they  will  function  just  as 
described  here,  except  for  the  supervision.  Local  bat- 
tery trunks  may  be  interconnected;  hqwcycr,  there  w 
be  rib  visiial  supervision  until  a  local  battery  subscriber 
rin^  off. 

_  Selector  Level  Trunk  (Plrecf  Ground  Sleev 

This  is  seen  in  foldout  9,  figure  4:  The  sclcctor  level  Q 
trunk — shown  in  foldout  9,  figure  4— is  a  ground 
sleeve  circuit.  It  is  a  one-way  trunk  from  the  dial 
telephones  to  the  attendant's  cabinet:  To  access  this 
trunk,  any_dial  subscriber  simply  dials  a  "0"  into  the 
selector.  The  selector  Svi II  select  the  first  available 
trunk  on  the  tenth  level:^  Wh.cn  the  selector  cuu 
through,  the  subscriber  line  loop  is  connected  to  the 
tip  and  ring  of  the  selector  level  "0"  tnirik.  The  calling 
line  loop  cxnnpletcs  a  circuit  to  relay  A; 

A  relay  operates  (sel  level  Q).  Contacts  I  2md_2  light 
the  line  lamp  of  the  face  equiprheht.  Coritacts  3. arid  4 
p[acc  ground  ori  the  motor  start  l^d:  Contacts  5  and  6 
complete  a  circuit  to  the  B  rejay. 

B  relay  operates  (sel  level  0).  Contacts  4  and  5  close  a 
circuit  for  ringback  tone:  Contacts  2  and  3  put  a 
ground  on  the  RT  (C)  lead.  When  the  attendant  inserts 
the  plug  into  the  jack,  the  jack  coritacts  close  a  circuit 
to  the  C  relay  and  the  B  and  C  relays  in  the  cord 
circuit. 

C  relay  operates  (sel  level  0),  Contacts  5  and  6  open 
the  ringback  circuit,  Contacts  7  and  9  put  a  ground 
back  ori  the  RT  lead  tq  busy  this  trunk  in  the  selector 
t^nk:  Contacts  1  and  2  and  3  and  4  disconnect  the 
windings  of  relay  A. 

A  relay  releases  (sel  level  0).  Contacts  3  and  4  open 
the  motor  start  lead.  Contacts  1  and  2  open  the  lamp 
lead.  Contacts  5  and  6  open  the  circuit  to  B  relay. 
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B  relay  releases  (sel  level  Ok  Goniacts_4  and  5  further 
open  the  path  ib  ririgback  tone.  The  remaining 
contacts  have  no  function  at  this  time:  The  jack 
contacts  place  _a  ground  on  the_sieeve  of  the  cord 
Wrqugh  relays  B  and  C  in  scries.  The  cord  circuit  will 
function  just  as  it  did  on  answering  a  caii  from  a 
common  battery  trunk  circuit. 

We  have  discussed  a  grounded  sleeve  Condition  and 
a  r^istance  ground  sleeve.  Thcrc_  is  one  more 
condition  _to  be  discussed:  an  open  sleeve  or  no 
pbtehtial.  Some  of  the  circuits  that  have  anbpen  sleeve 
are:  (1)  out- dial  trunks  to  line  circuits,  (2)  out-djal 
trunks  to  connectors,  and  (3)  two-way  pulse  repeaters 
y^s^.Mji  opc-way  rc^  from  the  switchboard  to  a 
distance  diat^ffice:  Incoming  calls  arej-outed  imo  an 
incoming  selector  in  this  case.  Notice  that  all  of  th'ese 
circiiits  are  associated  >^ith  the  dial.  All  of  the  trunks 
just  mentioned  will  progr«B  through  the  switchboard 
in  the  same  way;  that  is,  the  attendant  will  normally 
use  the  call  cord  to  extend  a  call  to  the  desired  jack; 
then,  using  jhe  proper  keys  and  dial,  dial  the  dibits 
needed  to  re^cl  the  called  .telephone.  Assume  that  a 
cbmmqri  battery  subscriber  wishes  to  be  connected  to  a 
dial  subscriber:  The  attendant  Msually  has  two  choices 
of  trunks  in  this  case.  The  first  and  simpjest  way  is  to 
acceu  the  oiit-dial  to  cbhhector  and  dial  the  last  twb 
digits  for  1 00- point 'equipment  or  dial  the  last  three 
digits  for  200-point  equipment.  The  second  choice  is 
to  acccM  an  but-d ial- to- line  circuit,  which  is  the  same 
as  a  standard  line  circuit,  and  dial  the  whole  telephone 
number.  In  this  text,  we  will  use  the  6ut-dial-to-con- 
hectdr  trunk  tb  accbmplish  the  stated  prbblem. 

_  DiitrDial  to  Connector  (O^n  Sleeve).  Foldout  9, 
figure  5,  shbws  this  circuit.  When  the  common  battery 
subscriber  go«  off  hook,  the  attendant  answers  and 
receives  the  needed  information.  The  attendant  inserts 
the  call  cord  intb  ah  idle  ou t-dial-tb- con riectbr  jack 
which  is  connected  to  the  correct  group  of  connectors. 
The  jack  sleeve  is  open;  therefore,  relays  E  and  F  in 
cord  circuit  will  nbt  bpcrate;  however,  a  DC  loop 
is  closed  to  relay  D  in  the  cord  circuit  and  relay  A  in 
the  connector. 

A  relay  operates  (conn  circuit).  Relay  A  bpcrates' 
relay  B: 

B  relay  operates  (conn  circuit^.  Relay  B  lights  the 
^>^5y  on_i^c  switchboard.  Rectifier  A,  shbwh  in 
foldout  9:  figure  2:  in  parallel  with  the  windings  of 
relay  D,  offers  a  high  r«istance  to  the  current  flowinjg 
^^9^_  j^^^^9^9l  J h  hb  rmarl  d i rcct ib h  an d  will 
cause  relay  D  to  operate. 

f)  relay  operates  (cord  cirruin  Contacts  2  and  3  light 
the  call  cord  supervisory  amp  However,  if  .the 
P9i^"QL9^  current  is  reverse:!  the  rectifier  offers 
very  little  resistance  and  will  conduct  most  of  the 
current  around  the  Nvindin^  of  relay  D  With  the  talk 
^^_op^r?'^^-  ''cJ^y  ^  operates  an  (^switches  the  tip  ah^ 
ring  through  the  position  circuu:  G  also  closes^ 
circuit  for  relay  A  in  the  -xisition  circuit.  At  this  t^m 
the  circuits  are  in  the  following  condition,  as  shown  in 


foldout:^*,  figure  2:  relays  A,  B,  C,  D,  and  Cj-in  the 
cord  circuit  arc  operated  along  with  the  talk  key;  and 
rcjay _  A  in  the  pbsitibri  circuit  is  operated.  The 
attendant  turns  the  dial  off  normal;  the  shunt  springs 
Vlose  a  circuit  tb  the  B  relay. 

B  relay  operates  (opr  pes  circuii).  Convitxs  1,  2,  3, 
and  4  open  the  circuit  lo  the  X)perator's  receiver. 
Cbniacts  5  ancj  6  connect  C2  and  C3  across  the  tip  arid 
ring  (Tl  and  ill).  Th(^  capacitors  are  used  when 
calUrig  out  oh  the  answer  cord.  Contacts  7  and  8  closi 
the  circixit  tb  the  C  relay. 

C  relay  operates  (opr  pas  circuit).  The  C  relay  is  a 
slow  operate  relay  and  is  adjiisted  so  that  the  X 
contacts  make  first  followed  by  the  Z  contacts,  which 
breakJbefore  the  Y  contacts  make:  Contacts  IT,  2T, 
and  I  B,  2B  close  the  dial  pulsing  circuit.  Also,  1 B  and 
2B  place  the  Rl  riaisjor  1000-ohms  in  parallel  j^'ith 
C2  and  C3  and  the  D  relay  in  the_  cord  circuit, 
preveriting  the  capacitors  and  relay  D  frbni  beirig 
shorted  out  by  the  dial  pulse  springs.  Break  contacts 
3T,  4T,  and  3B,  4B  open  the  Rl  and  Tl  leads  to  the 
call  plug.  Resistbr  Rl  is  nbw  holding  the  circuit  to  the 
trunk  closed:  Relay  D  in  the  cord  circuit  restore. 
Contact  5T  and  6T  now  dose  and  short  it  1,  leaving 
the  dial  cohriectq^  to  the  call  plug  and  holding^the  out- 
dial  trunk: 

D  relay  releases  (cord  circuit),  Coritacts  2  and  3  open 
th c  ci  rcU i t  to  the  cb rd  su|>(5rviso ry  lam p,  arid  i t  ^bcs 
but.  The  attendant^  releases  the  dial,  and  the  pulse 
spririgs  opNcri,  causirig  the  A  relay  in  the  connector  to 
rclca^.  This  steps  the  corirtcctor  yert|cal.  The  piils^t 
spring  reopcrate,  causing  the  A  relay  in  the  connector 
tb  operate,  which  releases  the  vertical  riiagnct.  This 
pulsing  process  iSSntinues  until  the  dial  retiirns  to 
normal.  This  causes  the^off  normal  springs  to  open  the 
circuits  to  relay  C  and  B.  Relay  B  is  slo\y  to  release.  C 
will  ristore  first. 

C  relay  releasi^  (opr  pos  circuit).  Contacts  S't  and  6T 
open  the  short  on  the  R 1  rfcsisior.  Coritacts  3 T,  4T, 
and  iB,  4B  connect  the  out-dial  trunk  to  capacitors 
C2,  C3,  and  relay  D  in  the  cord  circuit.  Contacts  IT, 
2T,  and  1  B,  2B  open  the  circuit  from  the  dial  and 
resistor  Rl  to  the  o^t-dial  trunk: 

D  relay  operares  (^rd  circuit).  This  lights  the  cord 
circuit  supervisory  lamp. 

^  relay  releases  (opr  pes  circuit).  Contacts  5  and  6 
open  the  C2  and  C3  capacitors.  Contacts  1 ,  2,  3,  aqd  4 
cpnriect  the  i]>perator's  telephone  circuit  across  the 
cord  circuit.  This  operation  is  rcp«eatcd  For  each  digit 
dialed  into  the  connector.  When  the  jastjiigit  has  b<*n 
dialed,  the  connector  completes  the  circuit  to  the 
c^Jicd  line  and  rings  the  telephone.  The  attendant 
restores  the  talk  key  to  normal.  The  contacts  of  the  key 
open  the  circuit  to  the  G  and  A  relays. 

G  relay  releases  (cord  circuit).  The  G  relay 
disconnects  the  operator's  telephone  and  position 
circuit  and  connects  the  call  cord  to  the  calling  cord. 
The  call  cord  supervisory  lamp  is  lighted;  and  when 


the  subftcribi^'^i^  the  D  relay  in  the  connector 
revehes  th^  ourcnt  to  tbe  D  relay  in  the  cord  circuit. 
The  A  roctificr  offers  low  rcsislancc  to  the  reverse 
current  and  shoru  the  b  relay  oat: 

D  relay  releases  (cordjArcuii).  This  extinguishes  the 
call  siipt^visory  lamp.  The  two  subscribers  may  now 
cdnyerse.    . 

Dialing  Over  IIm  Answer  Cord.  Another  use  of  the 
cord  circuit  is  to  dial  put  on  the  msw^  The 
si^uaUon  ODuld  be  such  that  a  manual  subscriber  on  a 
common  battery  trunk  is  connected  to_the  call  cord 
and  wish^  to  make  another  calj.  T^c  su^riber 
d]^nui»r  the  hoqk^  flashing  the  supervisory 
lamp;  which  the  operator  answers  by  operating  the  talk 
switch.  The  opcratpr  may  extend  the  call  by  using  the 
aiiswpr  a)rd.  The  atumdant  plup  the  answer  cord  into 
an  out-diaUto-conn'ectbr  jack  and  must  then  dial  over 
the  answer  cord  to  signal  the  piigihatihjg  sub^iber 
When  the  attendant  inserts  the  answer  plug,  a  circuit  is 
closed  to  the  A  relay.  Relays  B  and  C  do  not  operate 
because  of  the  bpcii  jack  sleeve. 

A  relay  operates  (cord  circuit):  A  relay  turns  on  the 
answer  cord  supervisory  lamp.  Rectifier  A  is  reversed 
bias  and  will  hot  cpridurt.  Tli^  key  in  the 

dperator*s  position  is  operated  and  closes  a  path  for  D 
relay.  . 

D  relay  operated  fp^_P^^  ^'^^Jh 
4B  place  a  ground  on  thr  fi  leadjmd  prepare  a  path  for 
the  F  relay.  Contacts  1*^  and  2T  open  the  ground  for 
the  A  rielay  in  the  o^rator's  position  circuit  and  the  G 
relay  in  the  cord  circuit.  G  is-aslow-tb-opcratc  relay; 
thus,  it  wilLbc  a  little  slow  to  release.  Contacts  5B,  6B, 
6T,  and  4T  odnficct  the  operator's  telephone  circuit 
and  the  position  circuit  to  T3  and  R3.  Contacts  2T 
and  3T  ODmplctc  a  path  to  the  H  relay. 

Si^S^  '^^f^^^  (<^rd  ciradi).  IT  and  2T  close  a 
hol^^path  to  itself  Contacts  ST,  4T  and  5t^d  IB, 
2Bi^^B  transfer  the  out-dial  trunk  circuit  from  the 
A  relay  to  the  retard  coil  LI  in  the  position  circuit. 

A  r^^ay  rd,eases  (ami  ciradtt.  Contacts  2  and  3 
extinguish  the  answer  supervisory  cord  lamp. 

G  reUiy  reteasajco^  dradx).  This  connects  the  call  , 
cord  to  the  repeating  coil  and  disconnects  the 
operitdrjs  pbsitioh  ciiwit  from  thc^  The 
itt^ctent  dials  the  orif^nal  oilling  subscriber;  the  dial 
i&  a>nnected  to  the  answer  cord.  When  the  last  digit  is 
dialed,  the  cphilecu^r  simds  out  nn|^^^^  The 
attendant  restore  the  dial  answer  key  to  normad,  and 
the  contaos  open  the  circuit  to  relay  D  in  the  position 
circuit     

D  reiay  releases  topr  pes  drcuit)^.  Contacts  6T  and  5T 
connea  R5  aorbss  the  T3  and  R3  l«ds  to  hold  the 
loop  operated  lihtil  H  relay  release.  Cqnta(as^4T,  6T, 
IB  and^2B  open  the  dial  pulse  leach:  Contacts  4B  aad 
3B  open  the  ho Iding^ circuit  to  H.  Contacts  IT  and  2T 
close  the  circuit  to  the  G  relay  in  the  ootd  circuit. 

H  relay  releases  (cord  circuit).  ContActSi  2B,  3B,  5T, 
and  4T  connea  the  rq>eat  coil  and  relay  A  to  the 


trunk,  while  contacts  3T,  5T,  IB,  and  3B  open  the 
circuit  to  R5,  which  is  no  Jonger  necilcd.  - 

A  relay  operates  (cord^dradt).  The  contacts  light  the 
answer  supervision  lamp. 

G  relay  operates  (cord  circait).  Relay  G  Jocks  in 
s^U^  with  relay  A  in  the  position  circuit.  Relay.  G 
extends  the  call  side  of  the  repeating  coil  to  leads  Tl 
and  Rl ,  also  T  and  R  of  the  bpcratbr>  circuit. 

A  retuy  operates  topr  pos  drcmtt.  Contacts  1  and  2 
open  the  original  operating  path  to  relay  G.  Contacts  3 
and  4  opNcn  the  mbnitdr  circuit.  The  op^ 
cither  remain  on  the  connection  until  both  subscribers 
are  on  the  line  or  vrithdraw  to  take  care  of  other  calls. 
Restoring  the  talk  k^  will  rclcas*  the  G  relay  in  the 
cx)rd  circuit  anxi  rel^  A  in  the  position  circuit. 

G  relay  releases  (cord  drcuit).  This  transfers  the 
talking  circuit  frbrti  the  qi^ratbr's  circuit  call 
cord._  When  the  calling  subscriber  answers,  the 
connection  reverses,  the  dircaion  of  currenf  flow 
through  the  tnink.  Rectifier  B  is  fbward- biased  and 
will  condua,  short-circuiting  the  winding  of  A  relay, 
which  rei^uMS. 

A  relay  reVeasia  (cord  ^^'icw'l  _Rclay  A  opens  the 
circuit  to  the  answer  supervisory  lamp.  When  the 
subscribcis  disconnect,  the  cdnhoinor  reverses  the 
direcubh  bf  cun"ent  flow  through  the  rectifiers:  This 
caus«  the  A  or  b  to  operate,  completing  circuits  to  the 
cord  supervisory  lamp^.  The  attendant  then  rcmov^ 
the  plugs  from,  the  jacks,  and  the  circuits  are  back  to 
normal:  '  ^ 

Exercises  (434): 

1.  What  determine  whether  the  calling  telephone  is 
to  receive  transmission  battery  from  the  cord  . 
circuit? 


2.  What  do  Se  contacts  of  the  B  relay  in  the  common 
battery  circuit  (FO  9,  fig.  1)  do  when  relay  B 
operates? 

4 


3.  When  doss  the  A  relay  in  the  common  battery  line 
circuit  (FO  9,  fig.  1 )  operate? 


4.  How  does  the  switchboard  operator  know  whether 
a  given  connector  is  idle?  ^  / 


5.  What  do  the  contacts  bf  an  operated  A  relay  in  the 
trunk  circuit  from"^  selector  level  0  (FO  9,  fig.  4) 
do? 


6.  Will  the  switchboard  cord,  circait.  provide 
transmission  battery  to  subscriber's  calling  in  on 
the  0- level  trunk?  Why?  » 


7.  What  is  the  path  from  the  tip  of  the  answer  cord, 
Uii^ugh  the  impulse  springs  of  the  dial,  and  then 
to  therv^of  the  answer  cord  when  the  DIAL  ANS 
key  and  the  TALK  keys  are  operated  and  the  dial 
is  off  normal  (FO  9,  fig.  2)? 


In  what  order  must  the  TALK  key  fqi^a  cord 
circuit  and  the  DIAL  ANS  key  be  operated,  tn 
order  to  dial  over  the  answer  cord?  Why?  (FO  9, 
fig.  2) 


operation:  This  should  not  need  saying,  -but 
ncycrthclcss,  we  will  say  it  again^ — get  the  schematics 
(FOs  6-9)  biit  and  use  them. 

Exercises  (435): 

J^l^oju^  irid^^^  the  cause  of 

trouble  and,  when  indicated,  the  corrective  action  for 
the  following  trouble  symptoms: 

1 .  When  using  the  answer  cord  14,  there  is  noise  bri 
the  line.  Dirty  relay  contacts  are  suspected  as 
.causing  the  noise.  What  contacts  would  most 
probably  be  causing  this  noise?  (FO  9) 


2.  The  opei^tOT  cannot  dial  on  any  of  the  answer 
cords  oh 'switchboard  position  1.  What  relay  has 
faii^  to  operate;  why  didn't  it  operate;  and  what 
is  the  corrective  action?  (FO  9) 


5^.  TjrMblesbodllnf  tlic  Attend^ 

IVItsceliaiieoiH  Trunk  and  Switching  Equipment 

At  this  point  in  your  study  of  the  Strov^er 
mitching  s^«m,  you  arX_a^  of  the  principle 
involved  in  circuit  operations,  both  relay  and 
switching.      _  ^ 

_  _Ypy  ato  awa^  that  a  khowledf^  of  circuit 
ftmctions,  the  ability  to  read  and  interpret  schematic 
diagrams,  and  the  ability  to  use  a  systimatic 

finding  and  fixing  troubles  in  your  central  office. 


435.  Using^  fbidpiits  ^  8,  aiid  9,  as  heeded, 
determine  the  ^rotabie  c^fes  of  troubie  and  state 
the  necessary  iMrtions  in  eacli  situationlL 

in  thb  chapter^  we  have  discussed  the  Actions  and 
circuit  actibhs  of  the  attendant's  cabinet,  some  of  its 
^'^^If^^  circui^,  ^'l^i^^^  mis<xllan(»Us  trunk 
and  switching  equipment  circuits.  You  have  been 
working  with  a  proven  trbubliBhbptihg  af^rb&h  for 
the  last  five  chapters;  so  _ v^ttout  ftirthcr  discussib n , 
let's  take  up  some  trouble  symptoms.  Should  you 
ehqouhter  any  difficulties,  rdfer  again  to  the  previous 
sections  of  this  chapter  that  deal  with  circuit' 


If  A  relay  contacts  1  and  2  in  common  battery  line 
circuit  (FO  9,  fig.  1 ),  are  dirty,  what  type  of  call  is 
affected? 


^-  WhOT  the  s^^^^  to 
the  first  selector  level  0  trunk  (FO  9,  fig.  4)  in  its 
banks,  the  A  and  B  relays  of  the  trunk  circuit 
ppci^ite;  then  the  selector  releases;  what  is  the 
trouble? 


5.  After  seizings  the  reverting  call  switch,  the  installer 
!^!M58*  l^^.php'l^         to  ring,  the 

installer  again  picks  up  the  handset  and  hears  the 
diail  tone.  What  is  the  most  probable  reason  and 
cause?  (FO  8) 


6.  The  operator  pushes  the  FIRE  button  to  extend  a 
call  to  the  fire  department;  but  nothing  happens. 
What  is  the  most  probable  cause?  (FO  6) 
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CHAPTER  6 


Central  Office  Maintenance 


JsBEVlC?US  \«3lume  and  the  five  chapters  of 
h^.       hi'M;  studied  about  relays,  stepping 
troubi^ooting, '  circuitry,  PMis,  cabling, 
arc  probably  wbhderihg.  '*What  can  be 
^^ll,  not  muchj^^^^^  what  is  Jcft_is_  very 
"N^  c^aple  of  pieces  of  test  equipment  for 
troubleshooting,  call  tracing,  swdtch  tags, 
^  DTA. 

this  does  not  sound  very  impressive,'' but 
^.      tlaigic  about  itJ  it's  mighty  important  in  your 
^M*KtQ/^5  activities  in  the  antral  office. 

Tot  EqoipncQt  for 
f  ^^e^Sootlng 

^li  V^^\i^ne  2      disoissed  tte  tg«  of  fMIs,  the 
f^^3N5#^  f  PMis,  and  the  use  of  the  workcard  Qfpe 
or^®  t  i^ow  it  is  time  for  us  to  look  at  some  PMIs 
jtS*t  ar^  P  iff otmed  in  Stf owger  exchanges  and  the  test 

#^^^**lig  flgiire§  6-1  thiottgh^  6.«  and 
^^Pl^ef^Bljitifr^  ilescriptiojis  of  iiiainiiictioiiiiig 
f^^^^  sptnUloi^  itate  tkc  type  of  PMI  and  test 
f^Spi^^  to  be  ined  to  localize  ^Kfa  probicm  and 
^>  t»^  ^)»jiri^  adopted  sboidd  be  nied. 


Htj^J^Up-Sfiiitcb  Test  Set.  Some  repairmen 
j<^ti^  *ib  ittiit  sa  a  vaJ^ing  machine.  You  carry  this 

^'^^ijs  ofibMk^   at  the  top  of  the  caw?^  

_^^y^^>ii4^i:s;  Tnie  unit  «)nsisu  of  as  cle^c  n»tor, 
f  -^^i^^^  MP^  box,  an  bternipter  assembly,  a  relays 
/f^-w<^^  jifciiitani,  and  rbtaiy  switdns.  Ai^afiKl 
f'^^jb^^  bbx  agd  often  ransidered  w  be  a  pm  of  it 
^^wsion  fwitch  box,  test  plug,  extinisioh  cord, 
^.  be^^^  i^td.  With  this  tewt  set,  jH^^rman 
j^;^'^        of  tiiejvwticai  stepping  of  selectors, 
i!^Hcal-?^ii  rotary  stepping  of  connebtors,  and  tests  of 
bfr^^llotL  of  iiw^fhing  ielc<^^^  and  mmEing 
r^^t^-  Figure  6-J  iiiiBtrats  the  taticry  cord, 
^rd  and  test  cord  connections  at  a  svntch 
^^'r  aif      a  stcpping-switeh^^      Note,  also,  that 
cord  is  connected  to  the  fiise  p^nel  with 
^^jjt.  Tile  extension  switch  box  has  three 
(^^bu^^^  s>^tch«  for  operating  the  devices  in  the 


teit  box.  P^piTu        the  loop  sv^tch  1 000 

ohms  imo  die  pulsing  circuit  of  the  tatset  bepr^sion 
of  the  RLS  switch  disconnects  the  test  set  from  the 
equijnicm  jmder  iest^  Dcpreuibn  of  the  l^unt  switch 
connects  additionaic^istance  to  the  test  circuit  of  the 
t«rt  set. 

syston  equipment  by  providing  impulse  to  the  pulsing 
relay.  From  this  test  set,  machine  impulses  rather  than 
^J#i_puls^a]^  P^^'yi^e^ito  the  operating  winding  of 
the  pulsing  relay.  Figure  6-1  ^oWs  the  connections 
betweeh  the  test  set  and  the  tot  jsu:M  pn  the  <Mjuipmeht 
shelf.  By  inserting  the  battery^  a>rd  plug  into jhe  BAT 
'  ys^  of  the  test  set,  you  operate  the  test  set  motor. 
E^hntfiph  of  the  loop  svntch  cbhnem  1000  ohms 
aiid  the  motor  impulsei  to  the  t»t  jack  of  the 
equipment  Figure  6-2  iliustn^  the  loop  circuit  to  a 
'  pulsing  relay.  In  turn,  nine  pulses  affect jQie  in^ 
relay.  You  should  observe  the  equipment  and 
detemine  vt^ether  or  not  the  unit  is  oper^ng 
satisfactbnly  tinder  (xihditipns.  RCTttntgr  Too 
mu^j^isiance  in  tfaejnroiit  cauis  die  pobnig  fel^ 
to  openiUi  slowly  and  release  too  soon— fl^  a  result,  the 
ope^atiiig  seqi^ce  of  the  d^q»  thiU  follq^^ 
oj^nmion  will  be  dianged  or  broken:  Consequently,  a 
.  connection  will  hot  be  possible. 

C^>eratibh  of  tins  shuiit  switch  makes  a  similar  test 
of  U^jolsing  relay;  es^^  jlau  the  switdi  contacts 
connect  the  relay  winding  to  15,000  ohms  of 
resistahoe.  Ybiir  pperatiph  of  the  release  switch 
permiu  the^]ui{»iait  ondi^  t»~  to  rotore. 

PMbrmaiKW  Kostine  of  Seledora.  Since  sevcnl 
test  devices  exist  for  routining  aelec^  that 
there  _are  variations  in  die  todng  metho^:  For  the 
inost  part,  though,  the  procedure  principles  used  with 

each  art  <»sCTtially  the    

Rcmining  with  n  tm  teief^tone  handset.  After  having 
inserted  die  pli^  into  the  sel^tor  t^  jack,  >^u 
normally  listen  for  a  d  tone.  The  recg^ 
u>ne  ffisure  you  that  jhe  seizure  relay^hs  operated^ 
Following  the  tone  recepUon,^  dial  the  digit  for  the 
selector  jeycl  which  ypii  desire  to  jest  Dial  tone 
should  cease.  Also,  you  should  be  able  to  see  relays 
operate  ahd^  in  some  equipment,  lamps  operate.  (The 
lamps  may  be  on  test  equipment  or  oh  the  switching 
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Fipifc  6-1 .  Stq)ping-switch  test  set,  cording  diagram. 


<xiaipinent)  If  »xess  to  the  following^»qaipment  is  not 
possible,  a  busy  tbae  will  be  heard  in  the  test 
tel^^ipnc.  bperatuig^  Meting  swtch,  you 
ratore  the  relays.  Continue  operating  and  releasing 
the  handset  switches  as  ybadial  an<^,  at  the  same  time, 
pbser^  equifM^^^  aiid 
equipment  for  that  selector  have  been  tested. 

into  the  test  jack  of  other  selectors,  dialing  the  proper 
numbers,  and  observing  for  «:piiptheht  dperatibh, 
%xx>nd  M^lc^rs  ^  t^t^in  a  Hke^rfuuiner,^cept 
that  you  dial  the  test  numbers  of  the  connector  ^ups. 

 Rot^ntng  wM  a  ^epping^swiu^  ie&  sff.  The  toting 

procedure  for  selectors  while  using^this  device  differs 
^m  tlK  test  telephone  handset  in  that  liihe  pul»a_are 
appii^  to  the  equipment  when  the  loop  switch  is 
depressed.  Since  this  testing  device  is  primarily  usixi  at 
a  step-by-step  sSvitchiifg  center,  the  procedure  that  we 


SWITCH 


CAM 


PUX.8INC 
RELJir 


J  I. 


PLUG 
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Rgure  6-2.  t^p  circuit  from  tat  set  to  pQlsing  relay 


are  d^ncribing  is  applicable  to  Strowger  selectors.  The 
selector  steps  to  the  ninth  level,  where  rotary  mbtibh 
occurs:  If  all  trunks  are  busy  or  if  the  ninth  jcvel^U 
vacant,,  the  selector  will  step  to  the  eleventh  position. 
Qoriseqiiehtly,^  t^^  equipment  returns  a  busy  tone.  Ah 
idle  trunk  in  the  ninth  level  wiii  cau^  die  switch^to 
stop  stepping^  Yqii  should  thei  momehtaiity  operate 
^«>^cal  _pf^  at  the  top 

of  the  switch  frame,  and  nodce  whether  or  not  the 
selector  advances  to  the  next  trunk.  Failure  to  advance 

indi(^ate|an  o^sn  tn^   

Test  each  trunk  in  this  manner.  If  no  trunks  are 
biisy,  wmte  the  bu^  switches  and  observe  the 
^^^^t^i  Ml^-  £ach  selector  should  step  beyond  a 
bu^  trtmk. 

Type  26A  Switcli:T<^er.  This  tot  set  is  d<»ighed 

^^<^!^Jl^!^il^^^n8  of  the1<^  full  toll,  aiid  ityertin^ 
caii  connectors,  toil  selectors,  reverting  call  switch, 
and  pay  station  repeaters.  Brief  descriptions  of  the 
controls,  OTrds,  lamps,  jacks,  and  the  various  tests 
follow: 

0.  The  remote  control  set  enables  the  testman  to 
perfdnh  a  cbhiiector  inspection  within  16  feet  of  the 
tan  «et:  It  has  a  dial  and  keys  corresponding  to  those 
on  thcjest  set 

b.  The  remote  con|r6t  cord  is  plugged  into  the 
remote  control  Jack,  figure  6-3,  which  is  a  IS- 
^c^nductor  re<»ptacle. 
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Figtire  6-3.  Type  26A  twitch  vttxer  jack  iiid  reoepuck  panel. 


The  tatman  uses  the  headset  to  monitor  the  tones 
returned  from  the  switch. 

c.  The  calling  jx)fd  connects  the  lndivida|El 
connector  switch  test  jack  (— ,  +^  and  C-lead)  to  the 
CALLjacks  1  and  2  of  the  switch  tester. 

d.  The  ariwcr  and  48 connects  the  shelf  vox 
jacks  (battery  and  ground  and  —  i  4,  and  G-leadsltb 
ANS  jack  3  and  48V  jack  4  of  the  witch  tester.  Sec 
figure  6-4  for  the  rest  of  the  indicatoins  and  controls: 

The  bu2  switch  (ON/OH^  causes  the  buzzer  to 
operate  in  parallel  with  C-BAT  RING  laihp  (white) 
when  a  connector  sends  ringing  current  to  the  test  line. 


/  The  START  turn  key  complete;  a  loop  in  the 

tester  to  seize  the  switch.      

The  FALSE  TRIP  key  chedcs  the  adjustment  of 
the  ring  trip  relay  (Li  of  the  connector.  The  ANS  key 
checks  the  ririj  trip  (L)  relay  an  the  ba«k_  relay  (D^^ 

h.  The  RLS  k^  opens  the  loop  releasing  the  switch  / 
under  test  The  BUSY  key  plapK  ground  on  C-lcad  ^ 
bajfik  contact  of  the  test  tefminal  to  mark  the  test  line 
busy: 

I  The  LK  key  places  a'  1 5 ,00D  ohm  shunt  (parallel) 
resistance  across  the  pulsing  loop  to  simulate  a  leak  on 
the  line. 
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Figure  6^.  Type  26 A  switch  tester  control  and  indicator  panel: 
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j.  The  30e,  60e,  and  1000  keys,  rcspcctivf  ly, 
simulate  a  line  condition  by  placing  a  hai^ceid 
f«i$tance  in^jcri«_w^^  loop.  Key*  are 

used  singularly  or  in  combination: 

Jk.  The  READJUST  TURN  key  proyides  for 
adjusting  ring-trip  relay  under  djKrating  conditions^ 

/.  The  BUSY  (red)  lamp  indicates  the  condition  of 
the  switch  before  seizure.  When  the  teit  set  is  first 
^'^'^f^^J?^^  switch  jacks,  the  lamp  lights  if  the 
switchJs  busy:__ 

m.  The  LOOP  iwhitc)  lamp  indicates  that  a  loop  in 
the  tetter  is  compjclfe  to  thc  swjtc^^  under  t«t. 

n.  The  CXgreen)iampprovidesC- lead  supervision: 

a  The  C  BAT  RING  (white)  lamp  indicates 
»ipervislon  while  ringing  current  is  applii^  to  the  test 
line.     • 

p.  The  SUPY  (white)  lamp  furnishes  loop 
supervision. 

q.  The  TRANS  AND  RE€  jacks  provide  for 
connection  of  the  operator's  headset. 

/•  ^^^^  \  ^^  \  p^^  ^  connection  for  the  test 
set  to  the  switch  test  jack. 

5.  Jacks  3  and  4  provide  a  connection  for  the  t«t 
line,  48y  battery,  and  ^und.  _  

L  The  HANDSET  jack  provides  for  connection  of 
the  hand  test  telephone  which  may  be  used  in  place  of 
an  operator's  h^sKi5et._    _  _  __ 

u.  The  REMOTE  jack  is  a  receptacle  for 
interconnection  between  the  tester  and  remote  control 
set. 


Testing  With  tiM/Type  2dA  Switch  T^ter.  The 
Loop  and  Leak  Wising  Tests,^  False  Trip  and  Trip 
Tests,  and  Readjibuting  False  Trip  Relay  are  explained 
next. 

The  Ljxyp  IhdsiH^  Tat  pcrformei  with  the  tester  is 
to  test  the  dial  pQlsing  lihd^r  different  ambiihts  of 
resistance — 360^6^^1060  ottms:  The  rraistancc  keys 
may  be  operated  sep^ratel)rbr  in  combination  to 
P^y^^  P''PP^''_^li?s  loop  resistance.  Dial  the  test 
number  199  (299)  and  check  operation  of  switch:  This 
test  may  be  accomplished  after  switch  seizure  when 
perfprming  the  connector  insp«^idn. 

tne  teak  Pulsing  test  is  to  test  the  pulsing  of  the 
switch  under  a  leak  condition.  The  operation  of  key 
LK/VM  to  the  LK  pdsiUon  j^^^  15J)00  ohm  shunt 
across  the  4>uising  loop  which  removes  alL  loop 
resistance.  Dial  the  test  number  199  (299).  If  the 
switch  doci  not  step  pnopcrly»_it  is  c^nsider^  feulty. 
This  test  may  be  accomplished  when  the  ring  jgxi  is 
4)crfprincd  in  the  cdnhectbr  inspection. 

F^i^J^'^P      J?^  T^**^*  J^r^ormed  dunfij 
the_silcnt  period  ofLthe  Snging  cycle. 

Tm  False  Trip  Testes  performed  when  the  RING 

^^r^  S^  A^^  ^^^^^^'^'^il^P^  on  the  silent 
period.  Operate"  for  .one-hall^ccond  the  FALSE 
TRIP/ANS  key  to  the  FALSE  TRIP  position.  The  key 

must  be  restored  tefb re  the  next  cycle  of  ring.  .  

Operation  of  the^ALSE  TRIP  key  operates  a  relay 
which  places  2300  ohms  across  the  —  and  +  leads. 


The  ring  trip  relay  (L)  should  not  operate  on  the  dc 
flowing  at  that  time.  If  the  ring  trip' relay  operates,  it 
requires  reacyustmcnt.  At  t  beginning. of  the  next 
ringing  cycle,  the  RING  lamp  lights  and  the  buzzer 
sounds.  _     _  _  ..... 

The  Trip  Test  is  p^prmed  during  the^next  silent 
^riod  of  the  ringing  cydje^  The  FALoEn'RIP/ANS 
key  is  operated  for  one-half  second  to  the  ANS 
position.  This  places  1600  ohms  across  the  —  and  ^ 
leads:  The  trip  relay  (L)  should  operate  on  the  dc 
flowing  trough  the  resistance.  I 

If  it  <fdes  not  operate,  the  adjusoheht  of  the  trip 
relay  is  too  stiff  and  needs  readjusung.  TTie  RING^ 
lamp  lights^and  the  buzzer  sounds  on  the  next  ringing 


If  the  L  rcjay  did  not^p^  eithe^r  the  Fal*B  Trip  or 
Trip  Tat,  repeat  the  aftpUcable  test  with  die  READJ 
key  operated.  The  READJ  key  lowers  the  r«istahcc  to 
2 1 00  ohms  and  raises  the  trip^  rcsistsince  to  1 800  ohjru. 

The  preliminary  armature  springs  (X)  of  the  ring 
^jp  relay  should  have  tens^^^  or  decreased 

as  necessary  to  meet  the  false  trip  and  trip  teits^ 

Twt  Handset.  The  teit  handset,  while  not  a 
^Pl^i^^.^i^pi^c  o^  limited  in  its 

electrical  confxgumion  so  far  as  circuit  conditions  go, 
is  probably  the  most  versatile  pi6ce  of  test  equipment 
in  your  exchMj^^    

With  the  test  handset,  you  can  perform  opeiationai 
t^ts  in  almost  all  of  the  oquipmehi|  in  the  office.  It  is 
9^|cker  and  ^^^^  JM*^  _  P^^^r 

equipment  that  you  perform  PMts  with,  and,  for  all 
practical  purpose,  almost  as  good. 

We  arc  not  j^y^  throw  put  your 

automatic  equipment  routiner  and  varying  machine. 
We  just  want  ^ou  to  use  the  best  piece  of  test 
6quipment  for  the  trouble  you've  got  to  work  on. 

Exercise  (436): 

1 .  Which  pjece  of  t^t  equipment,  a  test  handset  or  a 
varying  machine,  should  be  used  initially  to  test  a 
selector  switch  reported  to  be  stepping  erratically 
in  the  vertical  direction?  Why? 


2.  What  is  the  ad^mtage  of  the  varying  machine  over 
the  test  handset? 


When  is  the  false  trip  test  performed  using  the  type 
26A  switch  tester? 


4.  What  does  operating  the  FALSE  TRIP  key  on  the 
type  26A  switch  t«ter  do  in  the  circuit  of  the 
connector  under  t«t? 
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6^2.  Utef  brOUITiiicliit 

Call  uacinqg£as,  ^Itr  the  y^J^«  beeai  glainonred  in 
movies  and  on  You  have  seoi  whe^^^  call 
has  taved  fomipne^s  life,  helped  catdi  the  bad  gpy,  etc; 
The  truth  of  the  matter  is,  odl  tneijng  is  done  more 
often  for  maihtehahce  and  troiiblesh^ting  thaii  for 
any  oth(»'_r(9tfOti. 

To  trace  a  call  reqtiird^  certain  itons  to  guide_you 
through  the  exchahge^--«brt  of  like  a  road  map.  Thd^ 
guldei^  are  switch  taip,  tny  cards,  uid  die  DTA 
drawir^.  We  will  next  look  at  each  m  b»rh,  at  how  they 
work  tc^ether,  and  at  the  procedure  io^^^ 
One  c^her  necml^  is  knowing  how  the  switdiing 
equipment  is  connected  within  the  exchange. 


437>  Uslag  fi gores  6-5  and 


_    _  L__  

6*6  and  selected 
ntcciiBry  infbraiition  abbot  iwitdi  ti^,  iMcrt  I6at 
liifdniiitidn  Into  11^  cmri^  ie^^^ 
tile  f^levut  bay  cwd  nnd  DTA  dwtmltug  information 
briefly  and  accnrately.  Consolt  foldoot  10  as 


Let  us  quickly  review  the  o^nnc^ions  between 
various  pieces  of  central  pfTice  equipment.  A 
HnMndcr  is  cx>nnJxtod  ^^_-to-tock  viath  a_ 
first  selector.  Ail  of  the  other  pieces  of  switching  and 
trunkihg  equipment  are  connected  from  the  banks  of 
Kljxtqrs  (firatt  ^»>nd,  spc^al  secx>nd)  to  the  back^ 
the  succeeding  ^uipment.  / 

^trunis  that  tmninate  to  the  tec£  of  (directly  tp  the 
circuit)  second  selectors,  special  »KX)nd  seljKtbrs 
ofKcratofs  minks,  city  trunks,  and  AUTOVON  trunks 
are  also  terminated,  through  the  DTA,  to  the  banks  of 
the Jirst  selectors. 

Trunks  terminated  at  the  baiiks  of  special  second 
selectottt  apin  dirough  a  DTA,  are  information,  ftrc, 
reverting  call,  test  desk,  and  dial  speed. 

From  the  banks  of  the  second  selectors  extend 
trunks  to  tiurdKl^^^  on  tl^i^size  of  the 

exdiange)  or  a>njie£tors. 

^  Switch  Ti^  Each  switch  in  the  ocntnA  office  has  a/ 
tag  which  provides  information  for  use  in  tifcing  callsf 
to  or  from  a  switch.^The  tag  is  ruled  into  three  equal^ 


Linefinder  Tag 


S^l^cter  Tag 


Connecter  Tag 


102  -  f^ 


1 


5  -/ 


Selector  bay  in  which  selector  is  located. 

-  ^  -  -         r-  : 

Number  of  this  switch. 

Number  of  selector  tied  back-tp-back  with  this  switch. 

Linefinder  bay  and  shelf  in  which  lingfinder  is  located. 
Number  of  this  switch. 
Number  of  linefinder  tied  back-to-back  with  this  switch.  , 

Selector  bay  and  shelf  of  switches  having  access 
to  the  trunk  leading  to  this  switch.  ' 


Number  of  this  switch. 

Selectors  in  shelf  E,  bay  102,  must  be  stepped  ^  5 
and  in  1  to  seize  this  switch  (trunk  leading  to  this 
switch  terminates  at  contacts  51  in  the  selector  bank 
multiple  shelf  E,  bay  102).    .  , 


HE-165 


/  Figure  6-!5.  Typical  iwitch  ta^. 
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WHCRB  LOCATED 


SANK  LEVfcLi 
Figm  6-6.  IVpiol  bay  drd. 


-SWITCH  NUMBCilS 
Ht-»168 


MCtioiii  1^  two  Ix>ri20      l|n<^__ii  >^wii  in  n j 
6«S^  A  number  which  oorn^ponds  to  the  poiidon  of 
the  swstchJh  tbe  itielf  or  bay  is  printed  in  the  center  of 
the  tag.  _Thi|^  Ums  iwi^  T^_J>ther  two 

secdont  of  the  t^  contain  information  which  indicates 
what  is  oonneoed  to  the  jacks  of  that  switch. 

_  ^IQllE^  Tl*  j?m»t8l  *od/ot  ttlkin£  qraiitt  of  a 
switch  train  go  throi^  the  jacks,  a  set  of  tbe  bank 
cbritacts,  and  the  wipers.  ^ 

Sta^  fijptra  6*5^^^  you  hax  a^urately  g^ve 
whatever  exact  Infornuition  about  the  iiaejfinder,  the 
selector,  and  the  coiihectbr  tags  ybii  iiiay  be  ^kcd.  - 

After  >oitf  jm^pf  fi^« 
"  thtt  the  ilnefinder  switch  tag  telb  you  what  switch  is 
next  in  line.  The  first  sel^tbr  switch  tag  tells  you 
Vlusre  you  "^aane  ftom"  and  is  a  good  v^y  to  cro»- 
bheck  your  progress  when  cail  tracinfl^  But,  the 
obhnectbr*s  switch  tag  is  sbimwh^  different  It  is,  like 
the  seizor  switch  ttg,  used  for  tirong  l^Kk  U)  _the 
prtteding  equipment  It  ailso  contains  the  selector  shelf 
and  bay  i^ne  of  them}  and  wiper  p6sitiph--H3f  Um; 
seiea2>rs  In  tlw  sheif^^-to  whi^  it  js  oonnpo^. 
Switch  tagi  for  second,  third,  and  special  secohd 
selectors  are  similar  to  that  for  the  cbhhector. 

You  j«t)^iy^  wndcr 
In theabove discussion,  tt^hu  not  bem foigotten  and 
will  be  takar  upjat^  in  Ihis  chapter.  First,  though, 
\ec%  look  at  the  t^y  cardy 

Gird.  Each  pair  of  adjoining  selector  shetvei 
r^fuir^  one  selector  bank  doighatibn  card.  The  card 
It  divided  inj^  two  jMM^  for  Gsdti  of 

the  shelves  in  that  row  of  selector  across  the  bay,  as 
shown  in  figure  6-6. 
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The  purpdie  of  the  card  is  to  indi^te  i^ur  _^bCh 
selector  in  ^lat  particular  shelf  has  access  to  on  each  of 
iu  10  bank  levels,  'fo  the  left  of  each  row  (level),  a 
wpsst  is  provided  to  record  aiid  _i|idia|i^  what  typa  of 
equipment  iacross<oniiected  to  that  bank  level  on  the 
selector.  This  space  also  indicat(M  where  the 
equipment  Is  lotaued. 

Each  row  is  furdier  divided  into  10  blocks,;  which 
regrgqit  the  Iwik  OHitacts.  The  number  in  och  blodc 
indicates  the  number  of  the  switch  which  is  hndbed 
frdm  that  set  of  bank  contacts. 

^  The  levels  m  numbmd  from  i  throu^  tO  in  the 
^>iu»  Ivhiw^  tSi^  sections  of  the  card.  Rotary 
positions  are  number^  from  1  through  10  at  the  top  of 
each  section  of  the  card, 

iLPt^vid^  card  to  indicate 

the  shelf  tetters  and  the  bay  number. 

LUn's  say  that  a  selector  oH  shelf  F,  bay  102,  is 
.  pepped  up  ^and  rqofy^S^  We  wrat^to^  where  this 
particular  cardLcbmiectioa  is  extended,  book  at  the 
flm  sectibh  of  figure  6-6.  Count  up  4  and  rotary  5;  the 
number  in  the^  iittle  jquar&istlse  numbH^'  pf  the  next 
switch.  To  locate  thisswitchJobk  tb_tbe  extreme  left  of 
this  level,  and  you  will  |ee  C-l-R  This  tells  us  that  the 
^Us  extended  to  switch  S  in  connector  bay  1 ,  sheif  B. 

DIstribiting  Teraiiial  Assembly  (DTA). 
Rcpfisk*0»l  fbldbut  10,  are 

these  three  major  oi^ponent  aros: 

•  Bi^  i  Qi  and  is^  1 62  and  thdr  sh^lf  assemblio. 

•  The  distributing  terminal  assembly  (group  of 
f^ifltsi  found  in  the  c»iter^^  t^l*^**^_iP!  _^  

•  On  the  far  left  and  rig^  sides  of  the  drawing, 
vertically  drawn  forms  for  reading  data  on  tie  cables. 


double  jumpers  and  Jumpers  b^weeri  tie  cables,  aiid 
butgbing  tnihk  (CX3T)  terminal  blocks  are  shown.  , 

to  the  icft  and  right  of  the  drawing  (FD  1 0),  under 
biy  designatibri,  the  lymbdls  A,  B,  C,  etc.,  di^igrtate 
the  idieiva;^  G,  H,  J,  it,  and  L  are  the  only  ones 
occupied  in^  bay  lOJ.  The -type  of  circuit,  such  as 
"Local  Isi  Sclcctbr,'*^  is  _»hown  abq^^ 
group  of  circuits.  Under  the  shelf  ^nnboh  the  mount^ 
switdics  are  shown.  Look  at  bay  1 01  ^  shelf^G,  switches 
61  thrbligh  70,  Do  ybu^rOTcmt«r  ypy^jtlfxvots  wrt 
numbered?  The  run  number  of  the  incoming  cable  is 
shown  encircled  above  the  shelf  ^mbbl. 

The  Icleaqr-JSink-le^^  tefminal  strip 

portion  of  the  drawing_represcDtsjhe  bank. terminal 
puDchinp  for  each  selector  shelf  lev^  by  10  vertical 
cpliimns  bf  Joints  (dots).  Each  levia^  is  number«i 
acros  the  top  of  the  drawing.  Each  roW'^resems  iO 
sets  of  contacts  from  1  level  ^f  10  selectbr  banks  in 
one  shelf  bf  ielwnbr.  single  j)oint  reprs^ts 
three  terniin^,  tip  (+),  ring  (— ),  and  control  (GX  An 
unequipped  extra  row  is  furnished  at  the  top  of  the 
drawing  fbr  shoving  tie^^^  A  tje  cable 

is  a  cable  between  two  distributing  frames  or 
distributing  points.   

pri  foldbut  10,  baj^  10^1,^^  at  Uie  third 

dashed  line  below  t)|^heif  desig^tation.  With  your 
pencil  follow  the  linttto  the  row  of  pwihts  which 
repr«erit$  the  banjc  ley»l  through  10^  Do  the  ^e 
for  shelf  B;  it  lines  up  vRth  the  third  row  of  points. 
Now  gd_  to  bay  1 02  and  db  the  same  things  with  shel>^ 
A  and  B.  Lwl  l^for  thoK  shelv^  will  be  acroK  the 
drawing  to  the  left.  Noti^  hbw^vei>riwb  shelves  in 
bay  101  and  bay  102  alternate.  The  DTA  serves  a^i  a 
terminatio^^^  the  seizor  banks:  The  toiks 

are  now  spread  out,  so  jumpers  may  be  a>hhectcd  tb 
the  next  cbmpbheht  '  _    -    t  r 

termiifai  bloo^  are 
represented  by  two  sets  of  vtrtidal  lih^  to  the^T^ahd 
ri^t  of  the  selectbr-shelf  ^k  aiiemblia,_The  lin^ 
are  divided  as  required  to  show  the  mpuntii||{s  for  24 
terminal  blocks.  Each  row  of  blocks  is  shbwh  in  twb  . 
lihM,  each  line  refmam  one-half  of  the  full  strip. 
Ohe  line  r^rooits  "Top  to  Gcnitt,"  ihe  olh^, 
"Gcntcr  to  Bottom."  The  ends  marked  "Center"  on 
each  line  join  bn  the  ac^  i?ip^y8>^  *tt  fbl<fc 
the  tmninal  bloda  in  loe  are  marked  with  a-heiKvy 
dark  line.  The  detignatibh  hiimbers  bf  ^  cable  runs, 
frames,  ul^  leyeUjre  ihqvm  the  Venial  line 
repreamting  the  temiinai  block. 

M vlHple  AirabfeiBciits.  ^l6E:tDr  shelve^  have  a 
^p^iy  of  10  switdha:  The  banks  of  esd\  \6  switches 
are  multiplied  together.  Each  set  of  10  banks  is  wired 
to  a  diitnbiiting  j^^blyj^  where  it  is  ^^ible^  to 
fmher  multiple  u^g^erj  level,  as  many  sets  of 
banks  as  may  be  desired  in  order  to  provide  the 
selectbr  loads  fbr  the  bjnj^ing  tnink  ^ups^from  the 
^l«aor  levels  The  ^/^cwi^  levels  are^  jnultipUed 
together  by  the  strapslbn  the  ramt  of  the  DTA^^ere 
are  two  general  types  bf  multiploi^  straight  and  ^^ed 
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^Sirdlght  multiple.  Since  each  level  bf  a  iMsleabr  bank\i^ 
^n^f^nf  JO  contacts^  ib  sclecior  banks  may  ^ 

•be  provided  with  a  maximum  bf  10  trunks  per  level. 
Two  br  more  shelves  may  tn!  mulupliwi  to  shw^ 
trunks.  Jliis  is  known  as  "straight  multiple,**  and*^ 
results  in  a  ^oup  of  20 ,  30, 40,  etc.,  selectors  hunting 
bvcr  a  cbrhmbh  ^up  bf  10  trunks-levels  1,9,  and  0. 

U>ok  at  jevcl  2  on  foldqut  10:  Shelve  F,  E,  and  G 
in  bay  102  and  shelves  G  andK  in  bay  101  are  sharing 
trunks  11,  12,  ahdy  13.  These  trunks  ait  called 
common  t||Links>  The^^j^ertioii  line  rqproents  the  straps 
on  the  front  of  thc^)TA,  connecting  thc_5  shelves  (50 
.  switchqi)  to  the  3  butgbing  thinks.  This  is  also  a 
jKraigiit  multiple. 

The  poinU  4  thrott|^  ^'^^^^^^^^^^  * 
hbrizbntal  strap  which  is  o^hnec^^^tb^^j^^ 
shows  that  th^  points_have_no  trunks  connected  to 
them;  The  ground  potential  makes  it  p^ible  for  the 
selectbr  switch  tb  step  rotary  and  rj^ni  aJl  ttlinkl  busy 
lone  when  ihe  wipers  hit  the  fourth  rotary  step  j^die 
second  level.  _^  -^/^ 

Check  levels  6,  7,  and  8  bh  the  pTA  drawing  and 
note  that  th^  have  the  same  straight  multiple  as  that 
used  on  level  2.  „ 

Graded  nwliif^e.  Wh«)  the  thc«r«ti»l  nu 
trunks  r^uirKl  to  ^rry  the  traffic  from  a  level  exceeds 
16,iheg^ed  multiple  is  employed.  Refer  tb  level  5 
*bh  fbldbut  10.  :   ____________     _______  _-_■  f 

Grading  is  a  method  of  associating  a  number  of 
selector  bonks  together  in  the  districting  terminal 
assembjy,  K^  that  in  tte  trmlu^ 
group  has  ac^»  to  individual  outing  trunks  in  the 
early  chbLoK  lj(it^  bh  lata-_  chbic»^  shares  apceis  tb 
tniriks  with  other  jroiips.  The  ai^tial  c^iara^i^ristiai 
of^a  s^ed  multiple  are  that  the  trunks  "hunted7  over 
serve  a  minimum  nuihtMn*  of  switdies:  thejnihks 
' Jyinted "  oyer  iofir  ire  multipled  over  feore-m  all  of 
theswitdm.     

.  .  Look  at  shelf  fe,  toy  102,  level  44^mmb  221,  226, 
and  230  are  os^  by  the  10  switd»^fL  this  ^If. 
Trunk  233  U  slSfettl  b^  (20  switches). 

Chedk  shelf  it  has  only  one  trunk  22?  for 

its  exclusive  iiie.jlii^^  232^  common  to 

two  shel\^|jMidffl  cbmindn  to  5  dfelva 

(50  switdia0t;-  ^^MmMl       .   ■       -  - 

Common^tntmo^n^^f^  to  all 

selectbr  biniks'^fl  ^^^^S^^^^'^^^^S^^  be  reversed 
to  provide  alten^^lllji^^^  dii^bote  th^ 

use  of  the  irtmks.  'ffl^^^^^  f^^Bi^i^  midway 
betM^^^  ''^'^ '"^'^'^^^^t,^^^  >v^»*ii^ 
^wk  gro44i^  the  tei!^p^^Bpiw|Bd  iM^een  the  first 
and  the  ftey-to-the-^^^u^^griih  through 
239  are  common  ^^^^^^  1^  |M»cil  and 

a^K  the  for  23^/afe£3»  All  6%  the  points 
between_the  tWbvtnihkJ^aiT|M  straopc^  on  the 
acmal  PTAr^llpiOTB^  Bm  ^  -  rev<fe||ymbc»l 
tndiat^  tl^t  ^^Srything  in  benwn  is  stfai«cL^runk 
240^  the  last,  ^(^nheofi  strai^  dqwp  t9pTA  to 
fapilitate^the  bf  last-»w-bu^  tn^m^  may 
be  connected  jta  the  ]Mt  trunk  in  the  group. 
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Attignnitttt  of  Oiitgoii^  trtmk^N^ben.  Careful 
assighiheht  of  outgoing  think  (CNQll  numbering  is 
necottsry  ^pfi^lua^  distribution  of  txaffic 

over  succeeding  shelves  _dC  switches.  The  trunk 
numbers  shown  oh  the  DTA  tennihal  puhchirigs 
iiiouid  q^rre^nd  to  tbo«5  showti  onjhe  verucal 
terminal  blcNcki  at  either  end  of  Jthe  frame  to  whicB 
tlMBy  are  ophheoted.  The  choice  of  a  tnihk  liuitiberihg 
l»abrn  is  govoned  by  the  numtN^  of  trunks  connected 
to  each  level  and  the  type  of  succeeding  equipment  to 
which  these  trunks  are  cbiihected. 

A  ^^J^J^^P^^'.^^  1P_  ot"  L<»>  tniHte  arc 
conn^toi  ^to  any  |l^6ctor  level,  the  trunks  are 
oohnected;  in  order,  to  the  topii>w  of  punchinp*  with 
the  iowjqg^nliiQb^  ^ 

for  OTCuitt  j_to  9  is  reversed  between  die  two  selector 
sbelvtt  hMr«t  the  middle  of  the  equi(^}aj  shelva.  The 
i^t^]^  ^ifH  may ^  umkI  fot  ^^liection^  to 
interoepl  trunks  or  aU-mmks-bui^rqgisters,  is  ^trried 
straight. through  all  selector  shelve  without  a  reverse, 
y^ls  lj  9,  and^  on  _fqldk>ut  10  ait  ex^  of  the 
trunk  assignments  on  a  straight  multiple. 

On  a  gfvded  imdti^e.  Where  more  than  10  trunks 
are  i^imected  to  any  1  level,  a  graded  multiple  is  used, 
f^  tlutt^the  traffic  dver  ^adi  trunk  group  to  su^^ing' 
equipment  may  be  evenly  distributed.  The  patteniAed 
for  trunks  from  selector  levels  to  conh^rtbr  bays  is  iff'a 
stiiught  numeruad  faqueh^.^L^  4  on 

foidout  10.  Stan  with  the  lowest  hiunbered  tnink  and 
foUow  tl^  numbers  in  sequehoe.  The  numben  are 
.a^l^ed  td_the^apptng  j^em  from  the  top  down 
and  from  left  to  right,  in  order. 

Sana  there  are  20  trunks  (221-240)  on  level  4, 
check  thw^  the  tenninalbla^ 

the  yt  at  the  symbbl  for  the  GT  terminal  blocks.  Fmd 
thcTOihk  a>unt  221  thrbi^  240.  The  bracket  shows 
that  these  drwksm^  ^^My^^ 
that  the  minks  are  going  to  connector  bay  i,^if  B, 
and  to  the  numbers  4 1 0&4200.  ChcM;:k  all  of  the  trunk 
njytilMm  pjijte  rest  of  the  levels  and  determine  where  ^ 
they  are  going. 

It  is  i&i^rtant  to  nmicmber  that  the  tninjcLflosiff^ 
Ci  ^  the  next  pi€^_  of  _  eqiiipfneni  (swilch/Uuiip):Js 
'  n^m^Uy  anigried.  The  nrstjtnmk  is  anigned  to  the,' 
first  juoceeding  switch  on  tbe.shelf,  etc.,  lintil  all  of 
tninks  have^'^»tti  teriiiitiitftd  at  their  n^^ecti^A 
switch^^  In^r  foidout  10,  trwiks  361-370  ar*/^ 
taminaied  at  the  ^>«cial  selectors,  shelf 
71-80.  Tftink  361  is  te^^ 
switdt72,  etc  Look  Jtt  the  ttunks  on  the  fi 
YbuMiave  20  trun&^i  221-240,  ^ung 
odniie^rs  on^^if  B/in  tte J^iiiiectdj' 
block  on  foldottt  lOK  trunk  221  is 
cbnneotbr  1  bn^helf  B  in  cbnhectdr  twy  i. 
levels  2,  6,  and  7.  All  of  the  tnuiks  on  the^ 
going  to  shelf  L  (A- A  Rep).  Notice  that  tnn^ 
and  1 3  go  to  repealers.  1 1 1 ,  11 2,  and  1 13. 
and  15  go  to  rqpeaters  1 14,  1  is.  Check 


tninks  and  determine  the  switch  numbers  at  which  they 
are  terminatnl. 

Vacant  levels.  Look  at  bay  102,  shelf  and  levels 
1,  2,  4,  5,  6,  7,  and  6;  These  levels  are  not  used 
(vacant)  by  the  special  second  ^electpra;  so  the  levels 
???_**9rizojUally  sanapp^  to  ground.  If  any  special 
second  selector  is  stepped  to  these  leveb.  It  will  then 
step  to  the  elevehth  rotary  step  and  return  all-trunks- 
busy  tone.  The  vacant  levels  may  have  tnmks  assigned 
to  them  at  a  htture  date; 

Exercises  (437): 


1. 


Linefmder  switch  10  is  connected  to  selector 
switch  1 3  in  b«iy|  1 Q 1 ,  shelf  B.  What  informatio|i  is 
c^ntAinjed  ill  thrte  sections  of  the  linefinder 
switch  tag? 

I.    Top  -  —  -  -     •  - . 


b.  Middle 


c.    Bottom.  - . 


2.  CoMjS^  \  5  is  most  probably  normally 

accosed  from  selector  bay  103  A;  bank  position 
vertical  rotary  5.  What  jnrprmatidn  is 
contained  in  the  three  sections  of  the  cc$nnector_ 
switch  tag?  I ' 

a.   Top  -  '  . 


b.    Middle - 


c.    Bottom  - 


swi^  47  is  cqnne^ad  t»dk-to-back  \vfth 
fer  15  in  Hn^der  bjiy  3/shelf  A.  What 
ion  is  cbht^ihed  in  th<^  three  sections  of 
the  j^^^r  switch  tag?  * 

top  -  ^1^-  * 
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4:  What  is  connected  JO  the  banks  of  the  selector  in 
shelf  F  of  biBiy  102  (fig.  6-4)  that  is  stepped 
venlcaiiy  5  and  rotary  4? 


5.  What  is  connect^  to  the  selector  banks  in  shelf  G 
of  selector  bay  101  (FO  10)  vertical  level  1,  rotary 
position  2? 


.6.  What  equipment  (FO  105  is  connected  to  (XjT 
terminal  block  terminals  221  through  240? 


6-3.  Call  Trscing  Procedures 

The  purpose  of  call  tracing  is  tb  determine  either 
the  calling  (niimbNi^r  or  the  call^  jiumbcf.  llbere  is  a 
need  ^r  Iracing  a  call  for  security  purposes, 
emergencies,  fire,  or  troublesome  calLs;  but  it  is 
/"^^J^Wy  used  mc^^ 

Three  switcha  (depending  upon  the  size  of^c 
exchange)  are  requircxi  to  complete  a  routine  call— a 
lihefinder,  a  Kljxtor,  and  a  coiin^dr.  A  linefmder 
automaii^ly  fmds  the  catling  line  and  connects  It  to  a 
seizor  that  is  tied  to  that  parUcular4kiennder. 

Tl*  *5jcctor  r^uim  d[al  tonc^ 
indicting  that  the  selector  is  seized  and  ready  to 
m::eive  the  firit  digit  of  the  ca}l^  party*s^lephphe 
number.  Thip^  icUsaof  pn^^  ^?^J^^5?^M5? 
party  to  choose  the  conn^or  group  in  which  the  line 
to  t>e  called  appears.  The  first  di^t  in  the  called  paf^*s 
telephcipe  numl^  oorr^^nds  tp  the  ffroup  that  he  js 
in,  and  the  wipers  of  a  seleaor  lire  stepped  to  ai  level 
which  cofTopphds  to  the  number  of  that_group.  

A^P'lbe  8cl«tqt  has  been  stq^^  vertiodly  to  the 
dedred  level,  it  steps  rotary  autonu^cally,  searches  for 
and  seizo  a  trunk  leading  tb.  ah  Kile  c»nn^ 

^  in^()C)-line  ^tcloiige,  quipped  with  20b-point 
iinefmders  and  20Q*point  oonhectbr&^  the  subscnber*s 
te]|BplK»ne  huml^  ^hsifts 

ok^  the  flm  digit  for  group  selection.  the^20d^poiQt 
connector  takes  the  remaiiuhg  three  digits.  The  second  < 
digit  of  the  teleplx>ne  numt^  [s  1  drJ2j«d  is  liscd^ 
Iwik  selKtion.  The  diird^^dipt  st^  the  wipers 
Vertically,  and  the  fourth  di|pt  steps  the  wipers  rotary 


bhtp  the  oQlcd  line.  

-_  The  last  two  di^ts  of  a  sab5cribo-*s  tclq)hone 
number  always  (X)rr^>bhds  to  the  level  and  rotary 
Pl>sition  of  b^  Un>  |y>p^fan^  injb^  bankgiUltiple  of 
the  a>nnectors  which  serve  his  group.  For  e&^ 
;  a  cx>hhc^or  has  to  step  up  7  and  in  2,  the  last  two  digits 

ihjiic  tclephonc  nurnl^^^  _  

The  position  of  a  subscriber's  lineappeanuice  in  the 
linefmder  banks  may  hot  correspond  with  the  last  two 
digits  of  his  telephone  number.  This  is  due  to 


lihefinder  grouping  and  the  bank  multiple 
arrangement  for  preferential  hunting: 

Tracing- a  call  is  the  procedure  for  determining 
which  linefmder,  selector,  and  c»nn«ndr  were 
complete  a  call  and  for  determining  the  telephone 
number  of  the  calling  sut»criber  or  the  called 
sut^riber,  pr  both. 

438.  Given  several  representative  call  tracing 
sltuatlohs,  and  iBlng  foidbiit  10  as  re<pl^  specify 
the  neces&ary  actions  and  sources  of  information  to 
determine  the  called  or  billing  number. 

JD^eternlnlag  telephone  Numbers^  A  caliihg 
fiibscribePs  teiq^hbhe'Humber  c^  be  dctermihed'at 
the  lihefinder  which  wizjrf  his  U^^ 
the  call,  if  you  ^sn  find  tint  psoticular  linefmder.  In  a 
iike  manner,  a  cail«i  sut»cnbcr*s  telephone  number 
can  be  determined  at  the  J^nhector  ^"^P^^^^ 
the  imerconnectson  between  the  few  parties,  if  you  can 
fmdptat  coimector. 

It  will  prolwrtjlj? 
numbe^^^  fim  determining  the  units  and  tens 
then  d^oihihing  the  hundreds  digits,  and  fih 
thousands  digits.  This  is  the  proc^ure:  • 

Vngt  tost  (tmii)  dipt.  The  last  digit  of  a.tcl^hbne 
number  is  foun3  by  counting  the  hiimber  of  rotary, 
steps  the  wipers  have  taken  tb  rsch  the  first  line 
i^»p4»^nce.  _  r 

The  next-to-fsist  (tats)  digit.  The  hctt.tp-lart  di^t 
I  oQlcd  J»ity*s  ttilcjrts                am  be  dctcnrti 
by  counting^  the  number  of  vertical  stepis 
cbohectors  wipers  have  taken.    _   ■ 

T5ic  tens  dipt  of  the  ^ling  party^s  numbcr^is^  _^ 
in  a  similar  manner  at  the  Unefihder  bank.  Howeyei^J 
pr^eretitial  hunting  must  be  taken  in^ ^tv^tn^k^ 
If  the  lincfindci^in  use  is  in  tht,i^^ttp,  o^t  up  to 
fmd  die  tens  digit.  If  it  is  a  By#rbuo^incfind^ 
down  from  the  top  of  the        le/^B^tefinine  t^e  tens 


Switdt  bank  Oumdreds  dSgit).  You  must  be 
tell  which  ba/ik,  uppdr  or  Ib"^,  the  (^1  is  in  if 
to  detennine  tte  hundreds  di|tit. 

to  detennine  the  t>ank  in  the  conneabr  (called 
number),  you  miist  rehk)vi^fec^ver  of  that  coiintxaof 
and  obsefve  the  relays:  If  the  jfe  rel^  is  opentted,  the 
call  iStthro^  the  upper  bankJ:)  the  2PD  groups  and 
the  hundreds  digit  will  h«  a  2^  The  K  rtlay  is^llK  bank 
(of  wif^r)  selection  rcl^,  and  it  ViU  operate  if  the 

caiimg^iar^  dials  a  2  for  bank  selection.   

NOTE:  Do  hot  tbuc^  thc^amiature of  the  K  relay: 
Only  look  to  s«  if  it  is  dpcrtrtedL  Check  the  first  set  or 
iast  set  of  contacts.  Both  sets  are  made  wiieii  K  is 


If  the  relay  is  hq^  pf^med,  the  jall^will  be 
through  the  lower  bank,  and  the  hundreds  di^t  of  the 
ddl^  party*s  humt^  will  be  I  (100  grpupX. 

__To  ic^*™*^e  ^PE^r^^^^  ^  ^^^^^^^ 

(calling  number),  short-test  jacks  3  and  4.  Chetft  the 
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bB  (lower  bsnk^  janip  on  the  end  of  the  Uneflnder 
shelf.  If  it  iights/the  call  is  in  the  lower  batik;  if  not,  it 

is  in  the  upfw  biJik.       

NOTE:  The  tat  jacks  and  wiper  cord  terminal 
strip  are  mounted  on  the  switch  lower  cover  plate  near 
the  top  arid  to  the  right  of  the  bank  asseinbly. 

The  terms  shelf  and  gr^ap  (4106-4260)  or 
(5 100-52(SOj  have  the  same  meaning,  in  a  soiie,  since 

indiviiiual  she  of  _Unefindm 
connectors  serve  one  pwrticular  group  of  sub^uc^ibcrs. 

The  procedure  outlined  in  the  precjd  ng 
P*^B*i*i  J%  one  way  tp  d^faroine  the  >e;'  nli<>nc 
nomb^  of  a  sobtcnber  whahaa  angirf '  :d  ^  call  (the 
calling  pirty),  and  tejefdibhe  number  of  a  subscrib- 
er viliqlw^in  aUled  (the  qUled  party).  It  iran  b- 
done  differendy^-perbapt  by  determinii^  the  thou- 
sahdsLdigit  first  (the  group),  then  the  hiindrecti,  or  sec- 
drid^git  (l^k)  next^th^  ^^_suoD»ive  digit: 
.  The  fact  sdii  remdnt  that  the  called  number  cao^ 
determined  at  a  cphhectbr  arid  the  calling  number  pin 
be  ^etcmined  at  a  Unjrflhd^r — when  you  find  thi 
iinefmder  or  the  connector  that  was  tised  to  make  the 
ihtemhnectiph.       '  \ 

J9jy^*^i^J™^"l^**:^^^^^^^  telephone 
ntmibers«  and  for  troubleshboting,  it  is  important  that 
\|  you  know  the  relatibhahip  and  arrarijemeiit  of  all  of 
/  4^e  switching  egoipment  injhe  qsnjral  office:  You  will 
need  ^>  interpret  switch  cags  and  bay  cards,  which  we 

covered  carlieftr   

Proe^ore.  A  calll^  be  'traiad  either  forward  or 
Sckward.  For  e'xainpl^,  ybu  could  star!  by 
termiriirig  the  ^caJ_linl  J>arty'$  number  the 
lUiefinder  Yoy  would  thai  proce^  to  the^eci^c 
sel^tpr  by  reading  the  tag  on  the  linefihden  Then 
e  whjdi  bank  c^^^         the  «l^tt>rj$  wpc^ 
Next,  you  would  find  the  connector  by 
ri^ernng  to  the  space  oh  the  bay  card  ^ich 
ODrre^drids  to  the  selc^dr  bailk  q^^Ju^  w  ^cre 
used:  Always  be  »re  ta  use  the  pmper  section  of  the 
bay_card. 

_  ^^0*^  dltfUil  thc^^calli^  jgftTty's  number  wiil  be 
the  same  as  the  bank  leveJ  used  in  the  selector.  The 
other  three  digits  of  the  called  party*s  number  will  then 
be  d^mtiin^.  _       _  _  ' 

When  tracing  backwards  from  callirir«>^NUty  to 

calling  party:      _^  

Zy?!'  determine^  the  called  party's  telephone 
jtumbo-  at  the  a)iinect6r. 

Next,  read  the  switch  tag  pri  the  ^ncctor  The 
switch  Qg  wijl  indicate  from  which  ie^I  and  rotary 
position  a  sele^r  has  seized  the'  cdnhoctor.  The 
connector  synj  ^ll  _^^_jhdic^  in  which 

I»rticular  shelf  and  bay  the  selector  is  located.  See  the 
connector  tag,  figure  6-5.  For  example,  if  conneaor 


nurnber  i  (fig.  6-5)  has  been  used  to  compiete  aj^]i_, 
one  of  the  selectors  in  bay  102,  shelf  E,  will  be  stepped 
up  5  and  in  1.  Y<>ur  next  step  then  would  be  to Tiiid  a 
sei<£tor  in  shelf  £  of  bay  i  02  that  has  boen  stepped  up  ] 

5  aiidin_l^_  •  .  ^ 

NOTE:  If  ybu  cannot  fiiid  a  selector  in  shelf  E  that 
Ym  been  stepped  to  thaj  position  up  5,  in  i ,  you  must 
refer  to  the  bay  card  and/or  DTA  drawing  to 
determine  what  other  selector  shelves^  have  access  to 
that  particular  conn^or. 

After  ybu  have  fbuiid  the  selectbr  that  was  used  iii 
the  switdi  train  (the  one  that  the  ^nn^or), 

rc4d  the  switch  tag.  The  switch  tag  on  the  S%^|R{ptor  will 
indicate  which  lihefinder  is  connected  backSto-back 
with  thatj^iector:  The  tag  wilj^  ilso  indicate  which 
iineHnder  bay  and^helf  the  iineftnder  Is  in. 

Ybu  <»n  deteiitiihe  calling  party*s  number 
you  locate  the  linefinder.  ^ 

N_6t  all  of  the  calls  that  you_  trace  are  fi 
lihefinder  through  tb  a  cbnhectbr.  Some  calls  are 
or  to  fire  repi^ers,  city  trunks.  Information  trunks^ 
etc.  The  prb<^ure,  however,  is  the  same.  Hie 
inij^llM^i^  ti'u^^  cctujpmj»nt  ^ 

identified  with  switch  tags;  the  information  they 
contain  is  similar  to  that  found  on  connector  switch 
tags- 

_    r^'< 

ExcrclM  (438):  . 

U  Thc^liiyi^i^uty,  num  4217,  got  hong  up  ii^  ^ 
the  exchange  when  he  was  dialing,  What  actions^ 
db  ybu  take,  at  tge  Iinefmder  shelf,  when  tracing  ^ 

^  the  call?  ^ 


2.  When  tracing  a  call  back  from  a  connector,  ybu 
<ib  not  find  a  selector  in  the  shelf  and  bay 
indicted  by  thb  connector  switch  tog  stepped  to 
the  proper  vertical  level  and  rotary  position.  What 
do  ybu  do  then? 


3:  How  do  you  determine  the  hundreds  group  for 
lih<^mder  and  connector  switches  when  you  are 
tracing  calls? 


4.  Assmie  that  the  bay  card  for  elector  bay  iOl, 
shelf  G,  is  de^yed.  Use  foldbut  10  tb  determine 
what  equipment  a  selector  in  that  bay  and  shelf  is 
connected  to -when  it  is  stepfped  vertical  4  and 
rotary  4.  ^ 


3<M 


Answers  for  Exercises 


CHAPTER  I 


RafcraaCMi 


400  •  1 .     TlK  iii^indcr  is  a  nonnuinerical  (fully  automatic) 
wHtdr.  -  _  . 

400  •  2.     Tbc  Un^dcr  is  cohneaed  dirtily  (biac-to-te^)  to 

^  the  wiccBcding  iwitch.    _  _  

400  •  3.     A  mbacrlbcr  yolni  off  hook  operating  his  line  relay 

causes  the  iinefinder  to  openiit^  

400  •  4.     The  eonbtned  line  and  cutoiT  rdSjl^  three  windings, 

one  of  wbi^  tebids  it  opmied  full^ 
400  -  5..     The  purpbie  of  the  dittributdrs  is  twofold:  (1)  to 
'  preaeiact  the  nca  idle  lihefinder  in  the  group  and  (2)  to 
oyide  oonneaions  b^^  and  group 

relayi  during  lineTuidcr  operatioiy. 
400  ylS.     The  4iili^tbiifor  mspk  ^pofi  fompledon  of  lincfinding 

,  action  I^^^^Uyi^  It  is  fiiepped  to.  '  - 

400  •  7.     Th<Bre^S^MMb^  group,  and  there 

arc  twpifTOupajiir  Hi^^ 

400  •  8.     the  banks  of  orie^cfinder  groi^  in  the  shelf  are 

wired  from  1  to  O^^tically;  while  the  banks  of  the 
otiier  groi^  &t  wired  0*1  vmially,  for  preferential 
hunting*  \- 

401-  1.     Dtrtbuior^  _  _  _ 

401  •  2,     Level  A,  Guard;  Level  B^^Finaw  Stsr^  Lev^  C 

Vorticai  ^l^ng;  Level  t>,  Tdl  1  for  Vmical  Leveh, 
L«y«y_  i«^_Lp^  E^Jc  put-Through;  and  Level  F, 

_      Upper  Bank  Clit-Throi«h.    

401  -  3.     The  dlAributor  Is  a  25-pojnt  rotary  twitch  with. six 
tev^  whCTW  tst  rosry  line  iwitdt  has  only  three 
V  levdi. 

uibl-4.     A  line  relay  and  linelinder  minect  die  callii^g 

t0l9bone_to  ite  ftrst  ontrd  offi^^ 
403-5:     The  lincTiDder  and  group  difiribuipr  «|uipwCTi 

Gonnca  the  odltsg  telephone  to  an  Idle  selector  trunk. 

401  -  6:     Disttibol&r.  ; 

402-  1.  B3  sad  H3  relays. 

402  •  2.     To  make  ind  bmk  the  poh  of  the  votiS 

during^  venicil  ^c^ihg,  and,  also,  to 

cwgiMpping^bf  the  twit  A. 
402  -  3.     the  N3  rday.  tp^Jidijxie^     the  equipment  |hat  a 

Uneflnderis  available  for  u»e!      >  ^ 
402  -  4.     C^a^  8T^nd  SIT    the     r^ydoie  the  operating 

p^^f  Umc  D3  relay,  bpo^tt  fo  ipouhd  what 

the_vcni»i  wiper  steps  to  the  vertical  bank  marked 

_       with_grpund^  i   :  *  \  

402  '  5 .     Contacts  J  and  2  of  relay  O  close  a  path  for  a_  delay^ 

alarm  (LF  Sun),  and  oontaos  l  and  4  of  reUy  ~0 

close  the  opmting  path  of  relay  P3  .- 
402  '  6.     When  line  relay  4 1  operates,  the  lihefinder  ttepis  to  the 

fourth  vertical  level.  The  reason  it  does  not  Aep  on  the 


402  .  7. 


402  .  8. 
402  .  9. 


403  •  I . 
403  :  2. 
403  .  3, 

403  •  4. 


404  -1. 


404  -4. 


.405  -  1. 


81 


firm  vmi^I  level  is  that  the  ptMmd  on  the  vvtioil 
baiik  obhtaa  is  of  too  high  a  rcMAahoe. 
The  sdectbrji jprgeii^  to  provide  fatter  dial  tone  and 
•cry^oe  to  the  Mbaffibcr.  I  t  is  presetzad  whm  m 
i  2  and  1 3  of  relay.  B  cloie  a  loop  acroai  the  tip  i-k^ 
and  ring  {^)  IckIs  to  the  Am  seloctor  The  500 
winding  of  relay  D  is  the  loop  ptaoed  mamt  the  iMds 
^the  aelcctbr.  _^  _  _ 

BecatMjt  is  qpmj>l«^  yvpH^A-f^y  j^!^!-  

iL  thc_  N3  _reUys__aK_  not  operated^  lin<tfinder 
equipment  does  iiot«  because  jsll  o/  the  lin^nders  are 
bosy  or  out  of  service,  or  the  shelf  does  not  have  power. 


pie  line  relav  of  the  ^lled  party  is  operated  fully  from 
^und  in  tl^oohnector  thui  opoitng  the  path  to  the 
C3  relay  in  the  group  r^ays.        _    ^  _ 
Either  the  A  dr  D  relay  (depending  upon  whidh 
h^ndrt^  frpu^  U  ca^^  operated  in  the 

iincfinder  during  conversatioh.:    ,  _ 
Tk  Intermpcid  opntlon  of  relay  A3  in  the  poi^ ' 
relays  oohtrots  the  rotary  S^MOg.  B  ^1  B  ^ 
vcrtiaU  au^hg,  of  the  lin^hder  and  hbthiiig  in  the 

pbi^  r^iyt.  "  

If  Jhc  next  iiocftnder  in  line. Jon  tbe^banki  of  Jhe 
distributor)^  not  ldle,4round  in  the  bu^:  ijncfinder  U 
extended  through  the  A-level  xonticu  of  the 
diilribiim  to  the  motor  nufhrno:  This  operattt  and 
opens  thc^  motor  majntt  ihternipter  dohtactj'whicfe 
causes  the  motor  nmgncto  to  release  and  step  tlie 
distributor  wipers  in  the  bank. 

When  the  ailiini  party  hany  up.  the  holding  ground 
from  the  jnopMding  equipmint  U  kMit  C^ 
the  H^r  D  r^y  in  the  tln^nder  to  release.  When  the 
A  or  D  rilegel,  it  cl<Mei  the  pl^  u»  the^releK 
roaipe^the  rekase  magnets  rniaih  <^crited  uhti)  the 
ipr^Qf  epotMts  are  opened  by  the  return  to 

nonnai  of  the  switch. :  :  z :  ^_  

Tbc  can  switch  of  the  lincftnder  operates  during  the 
cdevoith  rofuy  wtp,  on  any  verticil  level,  doriog  a 

llie  bpemint^cinntit  of  the  N3  relay  is  coiiheot^  in 
panijjd  through  the^ON  ^p^^r^  oie^Vii^ 
a  group,  so  that  whm  no:  iinegnders  arc  available,  no 
iraonpt  if  made  by  the  group  relays  to  process  the  calls. 
Ndthihg  prevoiti  die  du&ibutor  from^q^ping  off  a 
busy  lineAnd^,  rqj^lcii  of  a  trahsfsr^  to  the 

motor  magnets  ts  hot  cohirblied  by  the  dperetibh  of 
relay  E3. 

''^Th^vertijal  OT_  rotary  interrupter  is  shoried,  ouising 
A3  to  operate  and  lock  up.  The  Jeads  fc^r:  the 
intenmqpcert  for  alf  20  iwitdMsin  a  linefaider  shelf  are 
multipled  (in  parallel)  to  both  sei|^  group  relayi 


ERIC 


556 


405  .  2. 


405  .  3. 


405  .  4. 


406.-  I. 
4O<0r2. 

406-3. 
406  .  4. 

406  -  5. 

406  .  6.  ' 

406  -  7. 

407  •  1. 
407  .  r 

407  :  3. 

408  .  1 . 

408  -  2. 
408  .  3. 


409  .  i. 
409  .  2. 


409  -  3. 


Sinoe  r^y  A3  i%  lo^ed  up,  no  verti^l  stepping 
tab;  piicc  in  tlut  Sidf. 

The  rooit  probable  eiec^cai  cause  is  an  _qpcn  ji^^o  r 
rini  wiper  cord  due  to  a  ooldjK>i_der  joint  or  a  physi<al 
break  in  the  wiper  cord,  eorrection  would  amount  lo 
rcK>ldertn|  ciie  oonnecdon  or  reptadng  the  wipo^  odcd: 
(iKMl  prbb«bie  nwdunical  cause  would  be  ah 
upp»_bank^  Vine  _wipei^tl»t  is  ouL  o  f  adjimiiiait. 
RrwcftiMtmant  of  the  >«aper_wou jd  oprrea  it.  Whh  the 
luMLwiper  out  of  _adjvstRicnt«  the  calling  party's  loop 
ctnwn  hold  tte  A  relay  in  the  selector  operated  and 
the^iti^r  retoaaea.  _^ 
Hie  cle^cidjiroblcni  is  that  relay  H3^  is  r^|§Big 
P'^?H^^I^^*_^^cfUtte  relay  B3  is  out  of  the  adju«S^t. 
f^^i4iustinf  rday  83  will  correctjthe  problem. 
ContactB  _8  and  9  of  relay  H3  in  the  A  relays  are  : 
shorted:  Cdrra^oii  is  not  necaBnly  ait  ahd  dried. 
C^hcci  are  that  JIm  (»htia  uraii^^  ^ 
^^^^  '^.^  >'!KmedM  ^J'^c'^  cpvcr.  if  they  are 
phyvcally  touching,  bmdinf  tbc^^^  terminar^-U 
ave  it  If  it's  tiie  back  cover,  then  the  cover  must  be 


CHAPTER  2 

The  nrtt  selec^iQ  * 
X'^^Q'^ne  j^^l^ctorl^^  as  first,  second, 

Uyrd,  inporoing,  or  stedai  seieaors..  . 
Each  selector  reqx>ndrmone dialed  dijjk. 
A  seteeidf  droiit  oui  be  antfieaed  to  rotrict  service  to 
^ ^iajh  lihea 
^^^'^^  cbnnMted  to  wipers  of  the  next 

the     • 

A  seJeotor  bay  supports  1 00  switches. 
Shelf  H  in  bay  101  supports  switch  75: 


ReUy  A: 
Relay  B: 
Relay  A. 


At  the  ni^  jd^arpui^  q;)nng  break,  relays  B,  C,  E,  and 

the  vertical ff^net _irc  opwratcd^  _  _  _   

An  ciectrioiJ  shunt  prevents  the  relay  F  from_c3perating. 
The  StroHfli^jf^  step*  because  of  electrical  and 
median icat-.i^pni.  Electjical  current  operates  relays 
and  iwitdf  j^j^^^i^  The  migneu  raise  the  shaft  whiai 
mechahiiqyiy:  mov^  the  wipefi  and  the  VON  switch. 
Further,  the^sh^'s  movement  is  controlled  by 
mechanicat^fi^vices.  ; 

Rotary  nu^et/  ^^^t^- 

Qonneain^  ^  bulk  contacu  fdf  each  group  of 

Klecu>rs  injnuJtiple,   . 

Relay  E  and  the  rotary  magnet. 

li^oontacu  are  identified  as  +  ipr 

I'     "  _"    _ "  ■  _  " 

p-mM^td  to  hold  equipment  operated. \  ; 
Q^^litea  first,  followed  by  the  aelccU>r(s^ 

detent  supports  the  switch  shaft^whlle  av 
^»  itifl^>ogre«.  .;>^S^ 


415 
415 

415 
415 


412  •  3.      Dial  tone  is  a  sc<»dy  iiiiih  ierriipt«l  tone;  whereas  the 

ATB  ibfic  is  a  regujarly  interrupted  tone.  

412-  4.      tlic  C  wapCT  for  an  idle  trunk  has  ground  potential; 

whereas  a  busy  trunk  provides  no  ground  for  the  wiper: 

413  ■  1 .  Ground. 

413-  2.     The  release  mp^et:.  . 

413  •  3 ;  Jack  terminal  1 0,  release  magnet  windihg  axid  shunting 
resi«i6r,  contacts  1  and  2  of  switch  1,  contacts  i  and  2 
of  relay  B.  contacts  I  and  2  of  relay  A.  and  contacts  4T 
«nd  5T  of  relay  F. 

413  >  4.     Th^  wipers  are  moved  medsotically  by  the  switdi  shaft 

spring, 

414  .  1.      Relays  A  and  B  operate  to  seize  the  selector.  The 

opmted  B_i^_ay:  (»nneon_^pound  to  the_C_wiper  to 
hold  the  iinefmder  opemod,  and  the.  linefinder,  in 
tura^  holda  the  setectof  A  rday  opotoed:  Hmce,  if  the 
lihefihda-  lota  its  cbiiiie^dh  to  ground  at  obnu^  4 
and  5«  of  relay  B,jt  ofNau  the  bfjeratlhg  ciroilt^  of 
^iectoi'  relay  A.  tiie  relcasfed  relay^  A,  in  tt^  rdeaso 
q||(Uy:B._:Tbui,_wben.  a  selector  operates. and  rdeasci 
utimediatdy,  checfethe  condition  of  contacts  4  and  5 
If  relay  B:  . 

414  •  2.  The  rotary  magiict  ojM^ates  follbwihg  the  operation  of 
relays  B  juid  E.  AoDordjn^^  <^P5§^..4..^cljS  of  nUiy 
B  and  3  and  4_ofj%lay_E_miuK_makejopd__OT^ 
the  rotary  mafnet  is  to  operate.  Also,  if  relay.  E  failed 
to  operate  becaine  of  defecdveicontica  at  the  VON 
:*swic^  or  at  obhtiai  of  the  C  relay,  thive  would 
likewiM  be  no  rotary  stey^^g.  This  trouble  syrnptom. 
y^j-.  ro^ra  that  ypu  ifupectjLheae  lijrte^^  cpH^^  _ 

414  .  3 .  RcletK  of  thc_seiecigr  is  the  result  of  reitpratJon  of  sU 
the  drouit  components.  We  have  noted  that  the  F  relay 
and  the  VON  switdi  ronain  Operated  during  the 
obhvtfuuoh;  therefore,  they  mim  relnse  to  i^iirh  the 
«)iu|Khcht  to  hbrrnai.  The  F  relay  is  released  when  iImb 
f^nn^f^r^.r^t  B  relay  dis<»nneas_crqund  from  tl^^ 
C _  Ijnd.  felipwing_  ihr:  F  relay _  release,,  the  release'^ 
magnet  opnnr~bodause  of  made  cootaos  at  the 
QperatDd-V.ON  fwit^  aiid  retoied  oondcti-at  relays  A; 
B,  and  F.  Thus,  if  any  one  of  these  sets  of  obhtaos  ii 
dirty  or  maladjusted,  the  release  magnet  cannot 
opmte.  _Again,  \%«  eno^  to  look  first  at  the 

:^  mechanical,  devices  in  the  circuit  to  correct  what 

appears  to  be  an  electrical  problem  in  this  telephone 
equipmenttt 


CHAPTER  3 

415  >  i.      Jhe  r^ular,  |r\ink-Hunting,  and  execi^tive  right-of-^ 
seryitx  (»nnectors|)rovide  ringing,  ringt>ack,  and  busy 
tone  to  the  line  loop. 

2.  The  refular  connector  reiponds  to  the  last  two  digits 
dialed: 

3.  pie  rqj(iUar  bonh<^or  is  so  bohnected  that  it  provides 
*fry'.c?..t9  JR."^'L".*'__r'l  cofitrw  truhk-hunting 
pojlh.cctor  sarv^  m^   

4.  Regular  oortnectors  and  a  ten  connector  are  installed 
on  sKelf  j  in  connector  bay  102..  . 

5:  The  r^Uiar  ^nhectori  are  installed  tO  Che  right  Of  Che 
t^  cg^fp^d^  ahd  are  obnhected  to  a  ringing  soiirce. 
"       ^  ^  jgff  of  the  shelf  and  is  not 

e^^^ifjl^ng  source. 


ground  potential  to  the 
the  preening  switcHci 


relay:( 

  .....   

ntacts  2  iind  3  complete  the 
VrVfSy  B'^Conucts  I  and  2  partially 
ating  circuit  for  (he  release  magnet,  t 


416  .  3: 


416  -  4: 


420  -  I. 
420  -  2. 
420  .  3. 
420  •  4. 
420  -  5, 


.  421 
^421 


A  mteriber  Hfii'ibc^hawlsei  lo  tetzt  the  linefinder; 
thai  dials  ouiiiben.  Tbe  fim  digit  be  dials  waia  i 
ttfilector.  and  the  selector  in  turn  sgarehes  the  awctdatcfd 
cpnnectpr_^imks  and  oonnecis  the  caliim  line  to  the 
idle  TOimector:  A  relay,  ^li^  to 
oomplcte  the  operating  drpoii  of  the  B  rday. 
Selector  oohfrol  ^mik  SphfSie&  are  oohhec^ed  iii 
multiple,  aiki  a  px>iinded^t!bnnector  wiper  is  thereby 
busy  to  all  sear^ing  selectors.        '  « 


417-  1.  Since  the  oonncaor  is  controlled  by  the  last  two  dialed 
digits,  the  opentiiig^-Circult  of  relay  A  Js  intstupted 
four  tima  for  the  TENS  digit  and  twice  Tor  the  UNITS 
digit.  _       _  _  _  _  

417-2.  tlhc  V^Nj^tch  aw^^  1  _and  2  compjoe  the^i^e^ 
magnet  operating  circuit,  contacts  3  and  .5  complete 
the  operating  drcoit  for  rday.C  and  the  vertical 
magna,  ihd  cohCa^  4^  and  5  -  also  compter  an 
operating  circuit  for  relay  C  and  the  vertial  inagiiet. 

417  -  3.      'Xh^J^^^^PJ.y^^''^}  i'^*!"^  operates  three  times 

when  the  nurajbo*  dialed  is  2135. 
417-4.      Relays  A.  B.  and  C. 

4 1 8  >  1 .      The  diiUed  UNITS  digit  2  obiitrbli  the  rotary  Acppihg 

of  the  cohnectbr. 
4i|  -2.      Relays  A^B,  and    _  _ 

4 18  >  3.      y/ipCT  C  connccu  with  lead  CN,  wiper  -  tpudMS  lead 

—N,  and  wiper  +  mates  with  +N  following  connector 
rotary  iwitdi  opd^tibii  oriCo  an  idle  liiie: 

419-1.      A.  B.  C.  E,  H.  F.  and  D  _ 

419  -2.      Cbntaos  5Tand  6T  of  relay  R_ 

419-3.  Conuos  3B  and  4B  of  relay  H  andS  and  9  of  relay  F. 
419-4:     Relays  and  contacts        10  and  1 2  of  rday  D  are  in 

the  ailing  telq^iie  talking  battd*y  droiit.  _ 
419  -  S.      Relay  D.  contacts  4  and  5  and  7  and  9  of  relay  F. 

contacts  5t  and  6T  and  7T  and  8T  of  relay  H.  and  the 
.and  -4^  .  wipers  are  in  the  called  telephone  talking 

battery  drcuit, 

419"  6.  Cine  revcrnl  by  Che  Conhector  provides  a  superviiory 
sighal  to  ah  operator: 

S  7.  AC. 

Relays  A.  B.  D.  F,  a^d  H. 
Relays  A.  B,  and^. 
Relays  A.  B.     D.  lt«n^  H: 
Relays  D.  A.  B.  H.  E.  and  F. 

CDfitacts  i  and  2  and  5  and  6  of  relay  D.  I  and  2  of 
rday  A.  1  and  2  of  relay  B.  and  10  and  1 1  of  relay  F. 

42 1  -  r     Groimded  connector  bank  conucts  for  line  10  operate 
the  G  relay.  - 
2.      Relays  A.  6.  aiid  G^ 

3 '  X?^_  f^l L^ng  nibic^  m ust  replace  the  handset  on  the 
cradje  to  rdeiie  _thc_  Strowger  equipment  following 
reception  of  busy  tone. 

421  -  4      Relays  A.  B,  and  G: 

422  *  1.      traahg  the  rotary  magnet  dixuit.  shown  in  foldout  3. 

r*yM^.  UVILI^  i^ll^^ng  niade  con taos  complete .  i ts 
,  operating  path:  contacts  3T  and  4T  of  relay  H.  1  and  2 
'  of  rday  G,  I  and  2  of  relay  C,  4  and  5  of  the  VON,  2 
and  3  of  relay  B,  and  1  and  2  of-telay  A:  Thtu,  any- one 
of  those  sets  cbiild  be  defective.  Of  obtirae.  if  the  B' relay 
or  theJVON^wifcdfi  were  to  relMse  early .  tfey  could 
4iXewiscjircvan  tlx:  rpui^  magn«  from  opwaj^^^ 
AfC  considering  that  relay  contacti  are  the  problem, 

  -      thus  need  to  be  corrected.  _  .      .  . 

422  '  2:  Giving  ihbiight  to  the  iymptom  reporfeS^JlQ^ld  alio 
rcMtlt  in  additional  cbhcliisioni.  Since  the  call«!^^rty 
answered  the  calling  party's  question  or  cdmmentlr^^ 
can  ppnclude.that  the  CBliing  party  has  trjmsmifMion 
battery,  the  two  :2MF  capadtori  in  the  conpieaor'i 


423  -  1. 


423  -  2. 


423  .  3. 


423 
423 


423  -  6, 


424 
424 


-  I. 


2. 


424  -  3. 


424  -  4. 


4^4 

'24 


424 
424 


425 
425 


426  .  1. 


426  '  2. 


tranimiMioh  droiit  are  good;  (he  oonnectoi:  v^lpm  are 
making  with  the  bank  contacts  satisfadbrily.  imd  the 
called  wbicrit^  line  and  t :  ->hohe  reodver  aroiit 
PPjnponoits  are  good.  FunJhMo;^,  we  ^in  opncLiide_that 
|hc_  trouble  is  dther  in  the  caljed;  party's  telephone 
transmitter  or  is  in  the  connector  talking  banery 
droiit.  Look  at  fold  out  3  and  coiuido'  thai  the  trouble 
ii  ill  tl^  laiier.  Accbrdirigly.  obmpbnents  that  could  be 
f^'*'^^l**M^.*"'!^  contacts  5T  and  6T  and  TT  and  8T 
Q_f_relay_  H ._  and _4  and  5  and  J:  and_ 9  of  relay  F.  An 
inspection  of  them  and  a  deansing  of  the  iet(s)  which 
show  biuldi^  may  correct  (he  problem.  If  they  are  not 
faulty,  then  the  called  parties'  subset  must  be  diecked 
and  repaired. 


CHAPTER  4 

Retaft.^1,  CI  I,  and  C'2I  make  up  signal  group 
number  one. 

The  Jdjgth  of  one  cyde.  of  the  timing  drcuit  is  five 

•eopmis^    i_ 

The  ringiiig  machine.. by  means  of  rotating  cams,  puts 
ptiundpiUssoQ  theTIME  1  and  TIME  2  leads  of  the 
wperviibry  drcuit: 

The  grbuiul  pulses  are  bhe^rourth^iecohd  duration. 
T^  indiotor  aliu^  fuso  foi^  Sti^        ofTioes  are 

«5!pLi_ed_i_n  J  i._  3  ^_and     aml>a'e^  ratings,  

The  purpose  of  the  alarm  and  superviaory  drcuit  in  a 
Strowger  exchange  is.  to  jnonitor  certain  equipment 
cbhditibh  by  niouis  of  indicaidr  alarm  fiuo  and- shelf 
wpsrvisoryjnrcuits,  ahdjvheh  ah  abnormal  oohdinoh 
^iB>!_cs^_ an  alani^^  ajudible  and  .visuai— to 
alen  maintcnaAoe  pavmnei  and  to  guide  them  to  the 
^  bay  shdf  that  is  in  trouble. 

It  wilJitake  about  4  to  4  'A  seconds  before  the  B-6eelay 
will  operate.  _  _  . 

The  piupose  of  oontactt  5-  liid  6  of  relay  -C'l  I  is  to 
shtiht  the  hi|h-raiAahbe  winding  of  rday  C>1  to  citae 
the  alarm  lamp  to Jighr 

Aftq-  rday  B- 7  operates,  a  groimd^pulM  opmjn^  in  on 
the  TIME  I  lead  energizes  the  upper  winding  of  relay 
B-6,  witlLLin  oppoite  polarity  to  that  of  the  lower 
winding.  The  magheiic  fidds  oppose  ad)  otha.  and 
the^^6  relay  relciaca. 

purpose  of  the  capadtors  in  series  with  relay  C-39 
is  to  provide  a  low^resistance  path  to  ground  for  the 
AC 

The  major  Jlarm  bdl  is  powered  by  dry  cell  banerics. 
Yci,  relay  C- 3 2  will  operate.  The  lampi  are  in  paralld 
with  reti^rs  to  insure  ah  operate  path  for  relay  C>32 

^^b***  *  _'^.bio¥«,    

Hciay  B-8  releases  y^xn  rday  _B-_7  ppoates,   y 

please  alarmjamp*docs  not  extinguish  when  relay 
B-8  raeaiesr-tr^ys  lit  becauie  relay  C- 1  has  a  hold 
pith  through  its  3  aiid  5  contacts. 


C^_ucu  (ail )_of_ relay  C-35  are  dirty.  Burnishing  the 

contacts  will  dear  the  trouble...  . 

Relay  B-8  it  not  operating..  The  causes  could  be  dlft^ 
cbntacfs  4  and  5  of  rday  B-7  or  contacts  3  and  4  of 
relay  B-6.  in  which  base,  burnishing  will  dear  it.  If  it  is 
an  bpoi  coil  of  relay  B-8  instead,  then  the  boil  must  be 
replaced. 

The  twofold  purpose  of  central  office  power  equipment 
18  (1 )  to  con  vert  220  volt.  3  phaic  ac  into  dc  and  (2)  to 
cbhtrbl  the  dc  biitpiit  fbr  bpcrating  equipcherit  and 
charging  the  central  ofHce  battery. 
Thp.  P4rPP*c  ^  rlngmg  equipment  ir  to  provide 
inteorr^pted  ringing  current  for  signalling'  subscribers 
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mi. 


o 


and  ring  back  .tonc._  jt  aUo.  ptgvido  ^gund^^ 
TIME  I  and  2  leads  for  the  alann  and:  supervisory 
circaio:  Bioy  tone  and  atl  tmnics  busy  tone  is  also 
supplied   from  the  interrupters  of  the  ringing 
equipmeflt. 

427  .  i.      In  jMmUjei  with  the  output  of  the  charger  throiq^  the 

windings  of  the. oontroi  reactors. 
427  /*^.      To  tnonitor  the  output  voJuge  of  the  diargo', 
compiring  it  with  the  reference  voltage,  and 
cbmpensiung  ab  diat  Uie  out|xit  voltage  remains  stable, 

regardlcst  of  a  opiuKantiy  dia^  

427  -  3 .  1 20  pmcnt  of  itt  r^ted  capacity.  If  a  FlotrpI  is  rated  at 
200  amps,  its  overload  current  would  be  240  ajnps  or 
higho':    -  _  _ 

427 4.  The  a)ualizing  swiidi  of  a  Flotrbl  changes  the  output 
vbltafc  of  the  refercpce  source,  thereby  diitting  the 

ci»rg«  to  rtfuiate  M  a^   

427  .  5.     The  purpoae  of  the  dc  contactors  is  this:  whenever  the 
220  volt  source  for  the  chaffer  is  ofT,  the  contactors 
opoi-oofitaas,  and  the  aroiit  to  the  battery  is  open. 
The  filter  choke  eliminate  the  noi«e  from  the  central 

o  ?Loe.  i^^^ry.       .t™«ni»*P.n_  padtt-  

The  output  juiiusunent  taps,  change  the^ reference  source  * 
voltage,  either  up  or  down,  depending  upon  the 
ptacemoit  of  the  lintc.  Changing  the  voltage  of  the 
t^lfcmce.spui'be  caiisa  a  change  in  the  regulated  outffeiic 

vojtage.   

The  required  addition      water  to  the  battery  more 
than.once  every  3  months. 

Thrt>-21  relay  in  the  Tinging  generator  control  circuit  ' 
is  normally  ppoated  from  direct  generator: 
All  of  the  cam  cbhtacts  of  the  interrupter  pl^kO^^ouiid 
pqtcntiaj  on  the  associated  lead  when  c\oi^^}  -  "  '-f-*^^' 
Relay  I>2_l   vvjlj  r^^        but  will  reoperate  fltev  . 
ringing  machine  transfer.  ■        J^^- . 

Relays  D-4  and  D- 14  serve  the  saise  ringing  p^pfctx  - 
Biuy  tone  is  dial  toiie,  internxpced  at  9  rate  of  60  IPW 
and  all-trunlcs^busy  tone  is  dial  tone  interrupted  al«n 
rate  of  1 20  IPM. 


427 
427 

427 

427 

427 

427 

.427 
427  . 


-  7. 


-  8. 


.  10. 

-  11. 

12. 
13. 


428  -  1.  The  charging  rate  is  too  high.  The  float  level  of  the 
battery  charger  needs  to  be  decreased  . 

428  -  2.      15*^ J"?  tv^>  powbic 

be  operating  because  of  dirty  intcrniptcr  cam  contacts, 
or  (2)  ntacts  2  and  3  of  relay  D-8  may  be  dirty, 
burnishing  the  contacti  wiU  clear  the  trouble. 

428  -  3:  The  battery  that  is  supposed  to  be  supplied  by  contacts 
1  and  2  of  relay  D-7  to  operate  the  ring^trip  relay  in 
the  connector  is  not  present,  because  the  contacts  are 
dirty.  . 


CHAPTER  5  ^ 

429  -  i.      The  purpose  of  the  fire  repeater  is  to__providc 
subscribers  a  means  of  contaaing  the  fire  department 
  to  rqjort  firts. 

429  '  2:  The  main  function  of  the  rcvcning  call  switch  is  to 
said  rihgihg  current  to  the  calling  ihstrufiieht  to  chccE 
that  the  bells  of  the  instrument  or  instruments  work. 

429  -  3.  T^^i^l^T^l^l'^  ^>  accesacd  through  the  banks  of  first 
seJectqr  jwitcha.      

429  ■  4.  The  main  funaions  of  a  pulse: repeater  are  (I  )  10 
provide  a  low  resistance  path  between  two  central 
dfftcei  and  (2)  to  reprat  the  pulioi  dialed  ihtd  it  from 
the  local  subicriber  to  the  distant  office  to  step,  that 
office's  equiprnent.  i  - 

429  -  5.  71>c__i1rc  rcp«itcr  and  the  reverting  call  ^wtUm  arc 
accessttl  through  different  levels  in  the  ^^anttl  of  the 
speclarpccond  selectors. 


430  ■  i . 

430  -  2. 
430  '  3. 
430  -  4. 

430  .  5. 

430  -  6. 

430  -  7. 


431  .  1. 
f 


431  -3. 


4>r.4 


431  -  4; 


431-5. 


432-1. 


432  2. 


432  -  3. 


CDmmon  bakery  an d_  local  .^.tteiy  $ul»^ 
line  jack  appearances  on  the  switchboard  in  an 
automate  central  office.  .  _ 

The  attcndaot's  cahiiiet  in  a  Scrowger  aaiti^l  office  is 
equipped  with  1  7  cord  circuits  p^  position. 
Through  thejise  of  out^iaJ-to-line  equipment  or  out- 

diaj-to  connector  trunks^  

At  the.  top  left  panel  of  switchboard  position  1  or  at  the 
top  of  the  cable  tamiag  section,  when  it  is  bside 
pbsitibn  1: 

The  primary  fuhfmon  of  a  switchboard  in  an  automatic 
central  office  is  a#an  information  center  and  the 
roidenng  of  asustanpe  in. emergencies. 
The  operator,  with  retpea  to  fire  calls,  may  verify  the 
call,  to  be  we  that  it  is  noC  a  wrong  nuitib^.  and  thai 
extend  it  to  tlM  fire  d^artmoit  through  the  fire  control 
panel.  The  operator  has  supervision  over  the  line  and 

r.cJcaies_thc_ii.rLC  whoi  the  .cai.i_is  pompjete.  

The  circuits  that  are  as»>ciated  with  the  sv^itchboard 
bQ(  that  are  not  a  part  of  its  circuitry  proper  are:  (1 ) 
cbmmdn  battery  lines,  (2)  local  battery  lines,  (3)  but- 
dial-to-line  o^uipfhent.  (4)  qut-dial-to-connector 
^r!Wil«^(5 )  fire  tnmk.  control  panel.  (6)  auto-to-auto 
repeaters,  and  (7)  city  trunks. 

In  a  step-by-step  telephone  switching  center,  one  fire 
alarm  buzzer  is  provided,  regardlen  of  the  number  of 
fire  trunks.  _  __ 

I  n  o  rder  ^o  r  the  a  ttean  d  an  t  to     > wa  te j|v|t_a  fire  _a  luin 

'OUi  had  pome  into  the.  telephone  switching  center,  the 
step-by-step  special  second  selector  to.  an  idle  fire 

yfepo^ter  Svill  procos  the  call,  provided  that  the -fire 
rep^ter  has  a  ne^tive  t»ttery  potential  at  the  RLS 

TBi*^  'runl^)    

R^»y*  _B..  Pj  and  G  _in  a  .st_ep-b|y-%t_^  J"irc  _repeaW 
circuit  are  not  released  untU  (2m attendant  Qpantef  a 
release  switch.  Because  of  Mi,  step-by -step  wephone 
switching  center  ,porfbnnel  can  trace  b  per  a  ted 
oqiiipmqat  which  bilproaaiiiisd  ^/^^  throu|phi  a  special 

ih^  daerrnine  the  diiw  QumbCT  of  tj^  calling 
station.  771^  linc^i^eooird  cajfd  for  this  line  number  will 
indicate  the  lo^tion  of  the  station.  . 
To  extoid  the -fire  ^||;  ttst  switchboard  dperatbr 
dpcma  tlw  RRE  swt^tijbmeritarily.  This  action 
grounds  leads  Cl  .  and  tfc.  G 

opiates jjic  G^rciayj_wh^^  operated  through  its 
1  and  2  contacts  to^ound  on.the  DR  lead.  Ground  on 
the  DC  Jesd  operates  relays  B  and  D,  which -operate 
and  hdid  operated  thrdiigh  their  dwri  cbhtacts.  Relay  G 
closes  the  transniissibn  (Mth  to  the  fire  department 
.^^op?|[%^^'  _^cn  relay  B  PpCTata.  interrupted 
ring^cic  tone  is  sent  to  the  calling  party.  Relay  _P, 
when  it  operates,  closet  a  path  to  the  bell  in  the  central 
office:  _ 

When  the  fire  depaiiment  answers  the  call,  a  Iddp  is 
closed  across  tip^nd  ring  line  to  tlv:  fire  department. 
wh[ch  ^operates  relay  F  in  the  trunk  ci rcuit^  Relay  F 
Opera tei  and  holds  o_pera ted  to.  ground. on  the  DR  lead 
through  its  X  (  I  and  2)  contacts.  Conucts  6  and  7  of 
relay  F_break  and  stop  ringback  tone  to  the  calling 
p«rty.  The  lirie  lamp  LM2  gda  out,  dnd  ^supervisory 
lamp  LM1  lights^  Relay  C  operates  throiUgh  the  loop  of 
the  fire  department's  instrument. 

A  pulse  repeater  is  used  in  a.telephonc  switching  cr 

(o  repeat  the  dial  pulses  of  the  calling  telcph<)ne  over  a 

trunk  between  two  switching  centers. 

Telephone  pulse  re^>eaters  are  u^^  only  when  it  ts 

necessary  to  transfer  calls  from  one  switching  center  to 

another  telephone  switching  center. 

A  call  from  a  distant  telephone  switching  center  is 

connected  to  an  incoming  selector; 
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433,  ^ 

43U,  ^ 

434.  :^' 
434.^' 

434.-* 

434.^ 


4  3\  ^   •  J»'*^_bc  to  the  C  1  of 

^_^^b3f"«lcp  fclectori  UneTin^cr  ^and  line  ci  rcui  >  if  the 
f^^gp^x  is  -to  rcfTiAin  operated.  This  ground  is 
^^(|ed  by  ^pcoeediiig  dfcuiu  as  the  call  is 

^?J*^r^r^  of  a  stqvby-clq)  pulic  rqieater  fflitft       434  .  7. 

*  f*^un<ij»tcntial  to  be  conjiected  lo^a  C 
-5  wr^in»i« ihc^ccwjing  iclectbr  bank^  _ 

43^'  ^  A  of  i  «ep-by-»ep  iw&e  repeaieiLis  ond^  V 

canorol  of  the  dial:  Hwforc.  relay  A  iisves  as 
^  -gij[liilg  r^y  for  the  ^cp-by-ai^  poftc  jepaktcr 
^p^it-  Relay  C  ttts  alio  been  rtferred  lb  as  a  diSHng 
but  fpT  the  inooihing  jdector  of  a  di«ani 
ccnt«L  RcJ*y  Cj?«x)in«  dialini 
fojL  lhe  dwyuil  switching  ccniw,  ginoe  relay.  A  is 
.      f^_>iicrrn»*l  dialtng  reliy  for  a  steprby-step  jelecior. 
435 '  ^     r^^uvc  bati<sry  poiatUal  it  the  C  l«d-  idcnUfi^  a 
^^bj'-*tp^jpiU«e  reporter  as  being  idle.  This  jwtehUal 
^*^ri*»«^ed     the  windinl  9f_rc4«y_G  iiLthe  pulse 
<^^us?Tor  thcCU^  t^miiMMcd  at jt^ 

jpn^-is  CDnncqia^  to  the  winding  of  relay  E  in  Uie 
ftpimej  for  the^C  l^:,ttei  is  terminated  in  the 
1  leleCtor  bihk.i^^  ,  434  .  g. 

43^'         <^W|phg  the  busy  iwiidi  of  a  itep-by-n^  puiac 
^^^v^ /^mp*^«»_  the  op^Alng  aroiJl  for_  rei»_y  E. 
relay _E  connects  ^und  to  the  selector  ^ic. 
ni%k»  this  repeater  busy  10  any^futore  ^lls  as 
f^At  ^  the  biSy  iwix&i  is  opoated:  ThSl  permits  the 
A      ^^l<S3''^o  be  checked  or  r^red. 
43;j  ^  ^      r  5^  ^  On  jWL»noo'ning  Z*^^^  '^[■y  y>c_P«jse 
Ppcra*es_  from  ground  r^rned  f rotn  the 
-      ^^^li?M  Of  Qijay  B  in  the  inj»rning  selector. 
'  43^^  ^  rtlJ*yE  in  the  polic  repeater  operates,  it  lights  the 

l^fli&brj  th^iwiichbbard  uid  marks  the  Rector 
jj^k^       igMi(u\d,  to  prevtarit  seizure  while  it  ts  in  'isc. 

^35'  '  ^"^^^  «^  wci*^  "^n^  •^l*'^®''  switches  through.  Uitf 
#^^i^_'i^in_c  Joop  js  placed  aap»  tip  and  ring  pjT 
tP^i^i^'^Angic^li  twitch.  This  cjccLthe^th  for  «*lay 
^•A^tiuca  3  and  4  of  relay  cloie  the  operate  path  for  435  .  1 . 
f^'*^  0t:  Cbriiica  1  and  2-Of  A  ope>.  preventing  the 
^^•^^ttire  op0^tibh  relay  CbhtaOs  6  and  7  of  relay  435  -  2. 
^/w^  >_hold  P«h  for  relay  B. 

43  3/  ^'  r  ^  inci*y  D  <^pa^_t^^  itsj»ntju3s  2  and  3  and  5  and 
&.  ^  *-pKth  ioT  ringing  current  to  the  subscriber's 
1^^^:  |7  reliy  cqpiacts  7  and  8  aose  a  path  for  the  E 

43  3/  ^  Ijft* 9^  handset  from  the  aadic,  the 

^^P*  •  JP***'  to  qfNsratc  the  H  relay .        4  3  5  -  3 . 
"T^  ^.  l*^y*a  contacts  1  and  2  clote  a  holding  path  for 
i'f^^T  I tJ  3_  ind  A  oontacu  opoi  the  path  fqr  rclay  Pi  it* 
5_      6  ^titsgtt  opm  the  hold  path  of  relays,  which 
fP^-Xiti  Jk)w-t(>-reJ»c;  and  oontacu  7  and  8  r<snovc       435  -4 
ff^^d  fi^m  th^  rihfihg  marine  ttart  lead. 

^  ^niull^  ^^S*_up  the  phone  the  ^00696  tinie. 
r^*^  A       »nd  H  release,  thereby  releasing  the       435  -  5. 

f^*^iflidition  (>f_thc  sj^ye  of  the  lincjack  dcicnTiin« 
Wi^^^krJ^^j\oi  liv^pprd  circuit  will  supply  transmission 
to  t  line  circuit, 
"l^f  l|id  5  cbnucts  close  a  path  for  1::MI.  the  line 

•fP^ A  relay  in  t>*e  common  battery  line  circuit  operates 
UK  c^nu^  of  the  line  jack  make,  due  to  a  plug 

b^ptitJUiit  __       _    ._  __ 

i  c<?«inect'^'' if  busy,  iht  busy  lamp,  above  it*  line 
ji/^  ^ppcarin^^on^  the  iSvitchboird.  is  lit:  436  .  |. 

I  ind  7  of  ihcbpa-atcd,  selcctbr  level  0  trunk. 
A  "^fe  clonic  a^th  from  ground  to  light  the  ina?rnihg  ^ 
ii^*  SfSP.§n  tb^  svritchbM  5  and  6  of  the 

A ^i[^y  (JPtc  a  P«th  to  operate  the  circuit >_  B  relay 
434  ;         y/^  \t¥  ^^po-sior  plugs  a  cord  into  the  line  jack  of  a 
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435/.  6. 


0-leveI  trunk,  the  cord  circuit  will  provide 
traniRTiission  lottery  to  tl^  calling  *^**ye.  of 

the  jinjc  jadc  hju  a  nonre»s^    ground  on  it.  with  a 

plug  inserted  in  the  line  jack.    ._ 

The  pith  from  tip  of  the.  answer  cord,  through  the 
impulse  spnngs  of  the  dial  tb  the  rinf  of  the  answer 
cord  is:  (I)  tip  of  the  answer  through  bbhtacts  of  the 
RjNG  ANS  key.  (2)  through  contacts  3 J  and  5T  of  ah 
operated  H  relay  (cord  cirQuit),  f3)  throiM^^  jT 
-  T  and  6T  of  an  operated  D  relay  (position  circuit). 

(4)  through  contacts  oi  ah  imbpefated_TRK  OFF-kcy; 

(5)  through bbhtacts  ITahd  2T bf  the C relay  (pcnitibn 
drcUit),  (6)  through  the  contacts^ of  the  dial's  pxilse 
spri n^j  (3J  Uupugh  OTntJMCts  of  the  SPUTT  CALL  kcy^ 
(8)  through  oonucts  6T  and  5T  and  I  B  |md  2B  of  the 
operated  C  relay  (posiiion-Circait)^  (9)  through  other 
cbhtaas  of  the  SPLIT  CALL  k^,  (10)  th^o^|h 
(»htacts  5B  and  6B  bf  the  ot»eratcd  D  relay  (positibh 
ciraiitl,  through  1 B  and  3  B  of  tl^  operated  H  relay 
(cord  circuitj^andjlhrpu^  other  rantacts  of  the  RING 

ANSJtcy  to  the  ring  of  the  answer  cord.   

The  TALK-kcy  mus  be  operated  prior  to  operating  the 
DIAL  ANS  key  whoi  dialing  bv^  the  ahswo-  oor^: 
This  orxler  of  bperating  the  keys  is  a  mxso.  fbr  the 
following  reasons;  

a.  Relay :H_  in  the  oo'rd  circuit  must,  be  opwaied^  . 

b:  The  operate  path  for  relay  H  is  through  contacts  of 
ah  bpoaied  C  relay  (00 r4  drcult)  and  oonucts  of  ' 
in  bpoated  D  relay  (positibh  draiit);  it  then  has  a 
hqid  jMth  throiigh  its  own  oontaicts  to  bohtacts  bf  an 
operated  ^relav. 

c.  The  opdBe  path  for  relay  _G  _  (con!  drqiit)  is 
through  contacts  of  an  unoperated  D  relay  (position 
ciroijl): 

d .  The  G  relay  in  the  cord  ciroiit  must  operate  at  least 
long  enbu^  for  the  H  relay  (cord  circuit)  to 
operate  and  then  hold,  operated. 

Contacts  9  and  10  of  the  C  relay  in  the  cord  circuit  are 

dirty: 

This  trbtible  haf  to  be  ih  the  positibh  droiit*  since  it  * 
sheets  all  bf  the  cord  circuits.  When  the  DIAL  ANS 
i^cy  is_PP**?l«!.  relay  D  of  lhe  position  arcuii  should 
oP^te^  But  n  doOT't.  Dirty  contacts  the  DIAL 
ANS  key  opuid  be  the  problem,  but  dirty  oonucts  1 
and  2-  of  the  F  relay  oould  also  be  the  prbbloh. 
Bufhishihg  the  obhtadts  should  clear  the  trouble. 
^L^^^^  1  ■"^  2  of  the  A  j^Iay  in  tj^q^mmon 
b^ttery^  jine  circuit  are  dirty,  the  hne  jafjjf^]!  not 
iij^t.  and  the  B  relay  will  not  operate  on  dooming 
calls. 

The  seleabr  reli^scs,  because  obhtaos  5  ahd  6  bf  the  B 
relay  in  the  selector  le^l  D  trunk  are  dirt^y  and  a 
'molding  giwmd  ii  not  jmin  back  tojhe  jK[eaqr. 
Thc.most  protable  reason  that  the  reverting  calLswitch 
released  is  that  the  B  relay  did  not  have  a  hold  path. 
Tlie  most  probable  ause  ibr  relay  3-  hot  holding  is 
dirty  br  unmade  obhtacts  5  and  6  bf  the  H  relay. 
The  most  prbbable  cause  for  nothing  happening  when 
tbc  FIRE  button  is  operated  is  dirty  contacts  of  the 
FIRE  button,  making  it  impossible  for  relays  B  and  G 
to  operate. 


rER  6 


The  tat-  hahdief  should  be  used  ihitiilly  to  tat  a 
sejectqr  for  erratic  vertical  stepping.  Because  it  can' test 
the  bpd-atibn  of  the  A  relay  for  a  high -resistance  loop 
(»ndition  almosi  as  well  as  the  varying  machine  can. 
The  varying  machine  must  warm  up  for  30  minutes 
prior  to  testing  with  It: 


\ 


436  -  3. 


436  -  4. 


437  -  l; 


437-2. 


437  -  3. 


437  -  4. 


resistance  as  well  u  fgr  JoLM^Jinc^^^^ 
the  pulses  arc  pot  out  at  a  more  precise  time  rate  thaii 
the  tert  hahdseC 

The  false  trip  ten  is  p^drnied  during  tlic  silent  period,  ^ 
with  the  type  26 A  switch  tes^.  between  ringing  cycles.  ^ 
Operating  the  FAL^E  ™^  R<yL  pi*«»  »  230ft)«ohm 
resistance  short  acroa  tip  and  ring  of  ihc  test  lin<L  This 
haittance  short  should  not  caote  th^hng  trip  I'cTay  in 
the  connector  under  test  to  operate. 


101: 

10. 

13. 

ld3A. 
15. 

3-5.. 
tF-3.A. 
47. 
15. 


A  seiecto r  stepped  ^ert[(al ly  5  aiid  rotary  4  in  shelf  F 
of  _b^_  102  is  connected  to  conneaor  switch  4  in 
oomiectar  bay  U  shelf  C 

trunk  362  is  connected  to  the  seleaor  banks 
If  G.  bay  101.  vcrtii»l  level  I.  rotary  pbsitibilZ. 
ors  i  through  20  tn  connector  bay  1.  shelf  B 
inated  on  OGT  terminal  block  terminals  221 
240. 


438  -  1 .  After  yoii  find  ihe  lihefmder  she  if  that  serves  the  4200 
STOMP.,  yp  uj  p  o  k  f o  r  a  swi  tch  that  is  .stepped  vert  ica  j  j , 
rotary  7:  and  if  you  do  not  find,  one  stepped  that  way, 
look  in  the  other  ^ro up  of  10  switches  stepped  0 
vaiioil  and  rotary  7:  Whichever  group  you  find  it  in. 
you  must  then  test  for  the  prof^  hundreds  group  by 
j'ncfinder.  Since  42 1 7 
Ls.an  upper  Line  bank  numbCT,  if  the  lower  b^ 
does  not  light,  you  have  found  the  lineftnder  the 
^ling- party  is  using:  You  then  go  10  the  first  selector, 
using  the  iiifdrmatibn  frbni  the  linHlnder  switch  tag: 
You  should  go  to  the  DTA  drawing^  This  will  tell  you 
^f^l.^l^P'L  *5^i5Ci.or  _*hclvcs  have  access  to  that 
particiUiU'  ponncctor,  switch..  Ij  will  .  alsp_  show  any 
reverses  that  may  be  in  the  tnultiple  and  the  bank 
po«tibn  in  different  selector  shelve 
Deterifiining  the  htihdreds  SToiip  of  a  telq>hdnc 
numbor  jn  the  Jineflnder <^^^  is  a  mattCT  of 

s^^prtinXthe  3^d_4  tqtt  jadu  of  the  Hoeflnder.  If  the 
lower  b«nk  lamp,  on  the  supervisory  fuse  panel  lights, 
the  number  is  In  the  tower  bank  of  the  number  group.  If 
the  lahip  d6<s  riot  light,  the  number  is  iri^the  upper 
bank  of  the  nuoiber  group.  In  the  connector 
equipment,  determining  upper  or  lower  bank  is  done 
by  looking  at  thc-K  relay.  If  the  Kjs  not_6pcrat^^ 
number  is  . in  ^pK?.Iowcr  bank;  and  if  the  K  relay  is 
operated,  thc.nurnber  is  in. the  upper  bank:  .  . 

438  -  4.  A  selector  in  Iny  101 ,  shelf  G,  that  is  stepped  vertical  4 
and  rotary  4  is,  in  turn,  conneaed  to  conneaor  switch 
14  in  conneaor  bay  1,  shelf  B. 


438  -  2. 


438  -  3. 
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STOP-  EXERCISE  NUM- 

BER. 


MAXeRjkNSWERi  2.  tJSE  NUMBER  2 

SHEET  TO  THIS  ^  PENCTL  ONLY. 


EX1  


Carefully  read  the  following: 

D&S: 

1.  Check  the  '^cbiine,*'  "volume,-*'  n**  numbers  from  the  answer  sheet 
addms  tab  apiinst  the  ''VRE  a^hvr^  shi^j  idemifigition  number'*  in  the 
righthand  column  dfihe  sHipfnng  Itti^  If  niunbers_db  hot  match,  take  action  to 
retura  the  answer  fheet  aiid^the  8hippin|j|4ist  to  ECI  immediately  with  a  note  of 
explanation:            ^  " 

2.  Note  that  item  niimbers  on  answer  sheet  are  sequential  in  each  cbluinn. 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet. 


4.  Write  the  correct  answer  in  the  margm  at  the  left  of  the  item.  (When  you  review 
for  the  course  exarhihatioh,  you  can  cover  your  answers  with  a  strip  of  paper  and 
t^n  check  youx  review  a^^  against  your  oH^nai  choi(^i.)j^ttir  yaii  arejure 
of  your  answers,  transfer  them  to  the  answer  sheet.  If  you  have  tojchange  an 
answer  oh  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  a  all  poiiibie. 

  -  _  ^   _"   

5.  Take  action  to  retiini  entire  answer  sheet  to  ECI. 

6.  Kmp  Vblun^R^eyiew  Exercise  booklet  for  review  and  reference. 

7^  If  mundgaomly  enroll^  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor, 
t  If  vohmiartly  enrolled  stiideiit,  send  qtiestidhs  or  cdmnients  to  ECI  dii  ECI  Form 

17;^  : 


DONTS:  '  ^  , 

■     -    .      _    a''  ■  -  _    -  _  --   -  -    _  -_ 

1.  Dbh*t  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise.  * 

2.  Dbh*t  mark  oii  the  answer  sheet  exi^t  to  fill  iii  marking  blocks.  Pbiible  marks 
or  ex^ssive  markings  which  overfl^  marking  blocks  will  register  as  erro^ 

3.  Dbh*t  fold,  spindle,  staple,  tape,  or  mutilate  the  aiiswer  sheet.  ^ 

4.  D6n*t  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

NUMBERED  tfe ARNING  OBJECTIVE  REFERENCES  ARE  USED  ON 
THE  VOLUME  REVIEW  EXERCJSE.  In  parcntbcsis  after  each  item 
ty^ni^ribn  the  VRE  is  the  jLra>^i>|^ 

that  item  am  be  looted:  When  answering  theitems^n  ^et€^^t^  refer  to  the 
Learhihg  Objectives  ihdioited  by^jirse  ^wmZ>^r5.  The  VRE  results  will  be 
sent  to  y oil  bii  a  postcard  which  w  the  iKrtua/V RE  items  you  misseid. 
Go  to  the  VRE  booklet  and  locate  the  learning  Objective  Numbers  for  the 
items  rhissed.  Go  to  the  text  and  carefully  review  the  areas  covered  by  these 
referenoes.  Review  the  entire  VRE  a^in  before  you  take  the  closed-boq^ 
Cotn-se  Examination. 


Multiple  Choice 


1;     t^QQ)    A  ccmtxol  dsvlce  for  a  at«p-by*st«p  lih«fihd€X*  is  the 

-     -     -  /"X 

a.  CB  relay.  c.  connector^ 

b.  iwiectbr.  d.'  distributor. 

2-  The  operated  stet^by-step^itiHii  device  which  starts  the  linefinder^ 

aearching  for  a  aarked  lii^is  the 

a.  it'^^eiiiy.  c:    (33  re^y. 

b.  %^  rCXiy.  ^  d.    line  relay. 

:_      .  .  _      .  _ 

3.     (i|00)    f^ich  one  of  the  following  fiihctiohs  is  provide4:h3^  the  Stxx>wg^ 
telephone  systea  distributor? 

fPfl^^-l-  of  all  linefinders  in  the  system. 

b.  Direct  control  of  one  groap  of  linefinders  in. a  system. 

c.  Conhecti  ISO  linefinders  to  its  $1  horizontal  banks  with  double-ended  wipers 

d.  Stores  dial  pulses  then  sequentially  releases  them  at  timed  interval  to  the- 
succeeding" equipment . 

U.     («*00)^ Which  of  the  follow irig  relays  are  included  in  the  Strbwger  group  relays? 

-     a.     YD,  PU.^d  AS.  c.     A3,  B3,  C3,  H3,  and  P3. 

b.    A,  . a,  E,  r,  arid  G.  ^  d.     SW,  XD,  HA^  RT,  ,and  AB. 

^   S«     (^DO)    Which  one  of  the  following  group  relays  is  a  pulsing  relay? 

a.  A3.  c.  H3. 

b.  33.  d.  P3. 

6.  (4dO)    Preferential^  hunting  by  linefinders  limits  the  over  use  of  certain 
.  equipment  and       "  . 

a.  reduces  hunting  time.  >^ 

b.  expands  searching  actions.  »  ^ 

c.  eliminates  wiper  searching  on  an  bank  levels. 

^*     i^9^^ses  in  use  time  of  linefinders  by  impx^ov^  ^^P^^  cqndition  due  to 
continuous  wiping  action. 

7.  (4oi)    The  distributor  level  at  the  Sr  right  on  |^5a3out->l  is  the 

a.    guard^.^^feivel.  ^   >  .  ^     o.^-r  vertical  "Stepping  level. 

*  b:    finder  si  tart  level.        %  *  ^  iQ^^  cut- through  level. 

8.  (U02)  -  Which  one  of  the  fMSJjjjwing^reij^     provides  timing  cohtrol  for  the  step- 
'    by-J3tep  linefinders?,      '   y '  ^  .  ' 

a.  E3,  releasing  reid^  1_j  .v  ''^i 

b.  ■  A3,  through  its.  sei^Qgafr^^ -^"tions.^^^  *  ' 

c .  •  B3 ,  through^  i^s  se^uewS^  ^  a^lons^ 

d.  P3 ,  ' by  ^t^pittg  ti^  vertical '^te^|p^^^\  j^^^  ' 

9.  (402)    The  "Step-Sy-step  relay  contapxs  th#tf  coifiplete  thel  operating  circuit  for 
the  iinefinder  Vertical  magnet  are ^ see  FO'l)  .       >  ' 


a.     u  and  5  of  relay  D3.  -  t':     1  and  3  of  relay  A3. 

Df  relay 


b.     10  and  11  of  relay  B.         •  d.     2  and^_3,^  relay  k3. 


10. 


11. 


13. 


14. 


15"^. 


(403)    The  step-by-step  iinefinder  steps  vertically  when 

a.  relay  A3  and  the  vertical  magnet  operate  in  opposition^ 

b.  relay _A3  and  the  vertical  magnet  operate  in  conjunction., 
c:     relays  L  and  A3  and  the  vertical  magnet  pulse  alternately. 

d.     relays  L  and  A3  and  the  vertical  magnet  pulse  simultaneously. 


3bi 


(403)  Which  of  the  following  Strowger  system  devices  keeps  the  distributor 
searching  the  linefinders?  ^ 


Motor  magnet. 
Rotary  magnet . 


c.  Vertical  magnet: 

d.  All  of  the  above. 


(403)  Which  of  the  following  sets. of  Strowger  equipment  relays  are  held 
operated  for  the  duration  of  a  call? 


a.  Relays  D  and  L. 

b.  Relays  E3  and  H3. 


. c.  Relays 
d.  Relays 


(404)  Which  one  of the  following  C^ijditibns  holds  the  S 
operated  during  a  telephc^  call? 


A  

r>*B(4vL.  ... 
fc^^.and  r3: 

equipment 


a.  Ground  on  the  C  lead 

b.  Ground  on  the  +  lea* 

(404)  What  indicatifcr  id 
released? 

a.  Red  release  lamp. 

b.  Green,  rele^e  lamp. 


c.  Negative  battery  oh  the  C  lead. 

d.  Negative  baLttery  on  the  -  lead. 

y 


or  you  that  a  Strowger  linef inder  has  not ' 


c.     Green  aisle  P^3:o"t  lamp, 
dr     Red  flag  above  blown  fuse. 


(4 
of 

a. 
b. 


04)  WJi^^ Strowger  relay  must,  have  op.erated  and^restored  i^the  second  group 
linef •i^'fers. is  searching  above  the  fifth  bank  level  of  contacts? 


Relay  A. 
•Relay 


c:  Relay  L, 
d.     Relay  P3. 


16. 


(404)  Which  StrowgerS^ipment  lead  has  the  poteen tial  which  makes  the  calling 
telephone  busy  to  another  incoming  call? 


a. 

b: 


:c.  CN.  . 
d .  Guard 


17, 


(405i    Having  seen  .the  Strowger  line|ihder  RLS  lamp  glowing  and  checked  the 
"  linef  inder,  but -found  it  released,  which  one  of  the  ^llowlng  con^ct  sets 
would  be  defective  (see  FO  D?  ^  '  • 


ERLC 


a.  1  and  2  of  C3  are  dirty.   '  ^  ' 

b.  1  arid  2  of  G3  are  dirty.  . 
e.  1  and  2  of  G3  are  maladjusted  (bent  to  make). 

d..  1  and  2  of  C3  are  maladjusted  (separated  too  much). 

'  ^  ,■ 

(405)  Which  set  of  contacts^  if  defective,  would  t^reveht  a  traffic  count 
(see  ro  1)? 


) 


a.  3  and  4  of  ,SW^5.  •     •       f-      c.     3  and  4  of  relay  C3. 

b.  3  and_  4  of  SW^7..  d.     3  and  4's^f  relay  G3, 

19.     (405)     Having  operated  the  busying  switch  SW-6  and  found  ground  on  the  ATB  GRND 
:«^ad,  which  set  of  contacts  could  be  at- fault? 

s:     3  and  4  of  -£3. : 
b.     3  and  4  of  SW-7r 


c.  1  and  2  6f  SW-i: 

d.  i  and  2  if  SW-6. 


-lis?* 


20. 


2i. 


22. 


23. 


.5 

(U06)    Which  of  the  fbllbwirig  wiring  patterns  apblies  to  the  step^rby-stisp  system? 

J. 

a.  J^ine  circuit  terminals  jumpered  to  rselectoi?  switch  wiper's .  ,;. 

b.  Linefinder  terminals  are  wir^d  to.  saiector  shelf  jAck  contacts;  "  ' 
c;     Shelf  jack  of  lijief inders  are^o^r'^gj^^-^    selector  shelf  jacks.  ^ 
d.     Line  circuit  terminals  are  muJ^floHSl^Hkh  linefinder  switch  wipers;  / 

 .     -  '%  ' 

(Ud6)  ^  the  purpose  of  relay  A  in  tb^SBHUUKF  selector  is  to 


a.  pulse  with  the  dial. 

b.  hold  lit5e  circuit  L  relay  operated. 
Q.  cut  linefinder  through  to  connector, 
d.  select  between  upper  and  lower  contact  banks. 


(U06)    Cross-connecting  selec^tor  terminals  is  done  at  thtj;<^..; 


a. 
b. 


DTA.  _ 
main  frame. 


c.  selector  rbt ,. 

d.  /rotary  switch  linef^idor. 

(407)  Which  set  of  J.isted  contacts  is  in  the»dl|^  tone  circuit  for  the  Strowger  ' 
selector  circuit  (see  FO  2)?  . 


25". 


a.  3  and  4  of  SW-1.  cj»         and  2T  of  relay  F. 

b.  4B  and  5B  of  relay  F.  -  d".  ^  2B  and  3B/bf  relay  F. 

^   -  -   -       -  ^  -  --  - 

(407)    Step-by-step  line  circuit  relay  L  is  kept  operated  by  (see  FO  2) 

a.  negative  48;  volts. 

b.  ground  on  the  G  lead.^    '  _ 

c.  ground  on  the  selector  e_wiper.  _  ■; 

d.  ground  from  contact  5T  of  relay  F. 

£  the  following  results  first,  when  the  Str^^wger 
lie  FO  2>? 


(408)  Which  bh€ 
^witch  operates 


a.  .  Relay  E  opjerates. 

b.  Relay  F  operates, 
e.  Relay  B  releases, 
d.  Rei^py  B  holding  circuit  is  closed: 


26.     (408).  ^n  a  Strowger  system,  the  dialed  digit  0  operates 


^tbr  VON 


a.  selector  relay  ^once. 

b.  selector  relay  B  ten  tiines. 

c.  and  releases  selector  relay  A  t6n  times. 

d.  arid  releases  selector  relay  B  teri  timeis. 


27. 


(409)  Which  one.  of  the  following  actions  opiates  the  step-by-step  selector 
rota^  niBgnet  (see  FO  2)?  ' 


a.  j^elay  C  releases. 
;b.,  T^elay  £  releases. 

<410)  .tfsing  FO  2,  when  the 
restored,  bperated  relay  F 


-tor  has  cut' 

■  L 
\ 


VON  switch  reieas^Sj. 
(^'•^  Relay  A  ir^gponnectdr  is  seized. 

and  relays  A  and  B  havl^ 


a.  he  next  i*elay  tb  restore^   

b.  permits  the  release  magnet,  to.  operate. 

c.  is  coririected  ilS^  serieis  with  the  rotary  magri<at . 

d.  transfers ^impul ys  from  the  vertical  magnet  to  the  jrotary  magnet. 


-  M    ,  "    -!  .J 


■     ■    ■  .  ' 

^i*^f':.?.._^hich  Strowger  relays  Restore  foilowiiig  replacenjent  of  the  calling  ^ 
telephone  handset  (see  FOs  2  5  3)7  ,  ; 

a.  Relays  A,  B,  and  >r  in  selector.  -  ;  ' 

^  I?,.     Relays  A,  B,  £».and_r  in  selector..  - 
c.     Relays  A  and  B  in_connector  and  F  in  selector".  •  - 

d;     Relays  A,  B,  arid  F  in  selector  and  A^and  B  in  the  connector. 

30.     t**12)    The  ATB^tbhe  circuit  for  the  Strowger  system*  calling  telephone  includes 
contacts  (see  FO  2) 

§•     ^  5  Pf  SW-3,  IB  and  2B  _and        and  5B  of  relay  F  ;     "       ^  ' 

b.  3  and  5  of  SW-3,  IB  and  2B 'and        and  5B  of  relay:  F. 

c.  3  and  5  of  SW-3,  2B  and  3B  and  5B  and  6B  of  rjfe/  F. 

d.  ^  and  5  of  SW-3^  2B  and  3B  and  5B  and  5B  of  relay  F. 

^31.     C^13)._What  action  is  respdnsii)le ,  during  the  release  of  the  selector  (FO  2) 
from  ATB,  for  the  operation  of-  the  vertical  magnet? 

-  -  -  -----  N 

^'    '"T^®  cf  relay  A.  c.     The  operation  of  relay  B. 

b.     The  releasejof  relay  E.  ■  d.     The  operation  of  relay  C. 

32.  (i^m)  iWfiat  is  the  trouble  when  a  step-by-step  selector  (FO  2)  fails  to  step 
rotary?  ^     .  ■ 

a;     The  £  relay  doiss  hot_r.elease^_  ^ 

b.  Contacts  2  and  3  of  relay  C  ai^e^^tggty. 
Contacts  3  and  4  of  relay  E  are  u>Srn .  ' 

d.     The  rotary  interrupter,  springs  fail  to  open;;^' 

33.  (Hi^l    Why  doe^,..the  F  relay  in  -^he  selector  (TOyM)  operate  anH  ther  releases  after 
cut-through?      ■  -  'x- 

a.     Relay  t  fails  to-  r^eleasis . 

^?A§Y_I_ fails  ^ to  release  .  '_  .  :  .  ^  _ 

c.  Contacts  t2T  :arjd ,  3T  of  the  F 'r^lay  are  dii 
^'      d.     Contacts  ^S.^nd  5B  of  the  F  relay  are  dix 

'^^^  ,  ^^^5)^  _When  a  step-by-step  ^stetn  serves  overr200  line's, .  three  important 

functions  of  its  regular  connector  are;     t^ing  the  called  telephone,  furrdsh  . 

a.  ringback  tone,  and  cut  off  aial  tone.     -  ' 

b.  ,,  5^^^S__^attery^  and  hold  the  switch  traiiijoperated .  _  _ 
ATl^j^'e,  and  provide  taiirl^g  battery  to  the  called  line. 

^i^fl^"^'  provide  .Talking  battery  to  the  Cjaliing  line .  • 

^^^Ti^^c)^  of  the  follbwihl  is- a  correct  sTAtenent  aifeiit  step-byrsrep  test 
r^dnftector  .^quipunent?  '  ^. 

§'     S^.i^c^es  the  ringing  current  generator  *'0N»" 
b.     Mounted,  at  %m  center  of  the  cohhisctor  shelf ^ 
^'    •^^?9^_^."^^?ally  supplies  dial  tone  and.busy  tone. 
^S^^^^  with  the  test  distributor^  for  line  te/ting. 

^f.    jt^i)**':  When  relay  A        Sjjjifkted  in  the  stet-by-step  connector  ^  circuit ,  the  ^ 
>v_:_^eratihg  circuit^of  r*ela</  -  * 

*  '    -  :  -       -       -   -  ^      :  -         '  . 

a:  .C  is  ,felose<I  and  relay  F  is  ireleased^  ^       :  * 

b.  .    p  is  closed,  but  relay  G  is  released';  *  X  - 

c.  ..  B  is  opened,  but  the  C  leaid  is  grounded.  ^ 

d.  B  is. closed  and  the  circuit  of  the  release  nae^et  is  open. 


5  .. 

SS3 
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37.     (m6)    A  3tep-by-step  connector  is  seized  arrd  hoidin;g  ground  is  connected  to 
the  C  lead  .( FO  3)  by  relay  .  ^ 

«.     A.      ^  /  ^       >  c.  .  C.      '  ^ 

b.     B.      ^\  ^  d.  ■ 

-  ^'    '  ■  > 

38..     (U17)  step-by-^ep  vertical'  magnet  of .  a,  connector  switch  operates  when 

relay  A-^ 

""     '    '  "  J 

a.  ' 


id  and  relay  3  is  released.  c*,     and  relay  B  are  restored., 

b.     is  r^Jj^asjed  and  relay  B  is  operated.,         d.     and  relay  B  are -operated. 

39.  ,  ^^IT^.^^hen  relay  Cjis  unope^  connector  circuit,  the 

pulling  circuit  is  transferred  fipom  the 

a.  rotary  raagnef  to  the  release  magnet  in  series  with  relay 

b.  r^l^ase  n^g^^"to  the  rotary  magnet  ih_  series  with- relay 

c-     vertical  magn#t  to  the  rotary  magnet 'in* parallel. with  relay  ^E, 
d. .  Vertical  magnet  to  the  release  magnet  in  parallel  with  relay  E. 

40:     (4l8)  '  The  rotary- ^agnet.'^f  a  step-by-step  cbhhectbr  operates'  each  time  relay 

a:     A  restores:  c:^    A  operates, 

b.     E  restores.  |  d.     C  operates. 

1*1.     '^^IS)    The.  st^p-by-st(B^_conne{^^^^^^?S^^  ( FO  3)  rdtate  because 

a.     relay  A  operate^MMR;f^hejyg*aK^p^  are  open^  ^_  j_o^_  __ 


^2. 


b.  relay  B  operate ^■■^■hen  reStor^s^^egpiitting  the  .rotary  magnet  to  operate 

c.  ^'^^^y "the  dial  pulse  springs  are  ^p»eh  arid  then  reopierates 
when  the  pulse,  spring^  close. _ _  _    '     ■  __ 

d.  *the  rotary  magnet  restores  while  the  dial  pulse  spr'irigs^are  bperi  arid 
:     operates  at  the  end'of  each'd^^  pulse.  • 

(u^9)     In  a.  step-by-step  systep^  ringing  current  to  the  cailled  line  (FO  3)^ 
is  cut  off  by  *  V  -  '  '  .  *  C-^-^ 

a.  the  release  of  the  group  relay  S.  .  ^        v  ^ 

£'.  'the  operation  of  selector  relay  F..      ^  :  '  -  v'z.  ■ 

c.  the  operation  of  connector  relay  F.  ,  ■  ^^rf^":,  *    .  ^.  , 

•  d.  lifting  the  receiver  to  start. the  ring'ing^S^^rent  int^^^rer. 

^3.     (^19)j  in  a  step-by^step  system',  talking  battery  is  supplied  to  the  calling. 
-    'line  through  .   .  »f 


.  a.     relay  B  in. the  connected  circuit.    \  .    ^    »         ;       ^^^var  -j 

b.     contacts  of  _relay-_B  in^ the  connector  circuit.    ,        '  ij^^ 
..c.     the  ^QjO-ohm  winding  of  M±ay  A  in  the  connector  circuit. 
^  the '200^hm  winding  ofi  rSifey'  D.  in  the  cSnnector  cir|^ili. 

.^.'^^^<.         .  :     _         .If  _  _  -  ^_  ^  '.-i 

44.  ■  i^^-)     ^ich  relay  in  a  step-by-^step  connector  (FO  3)  releases  first. when  tlie- 
caiieS;j^party  hangs  up  first?  _  "    t  «j  '  ' 


46.     (U21)     In  a. step-by~step  connector . circuit i  the  contacts  of  which  operated  relay 
connect  busy  tone  to  the  calling  line? 

a:    H.  c.  F: 

b.  g;  ■  ^• 

47:*    (u22)     If  contacts  u  and  5  of  operated  relay  F  in  a  step-by-step  connector 
circuit  fail  to  make  contact,  the 

a.  talking  circuit  would  be  incomplete.^ 

b;     called  telephone  would . continue  to  ring^  

c.  Galling  subscriber  would  not  hear  a  ringback  tone. 

d.  called  subscriber  would  hear  a  buzzing  in  his  receiver. 

48.  (U23)  _What  are.the  ampere  ratings  of  indicator  alarm  fuses  used  in  Strowger 
central  offices? 

3.     1,  2,  and  3.           .  c.  2,  3,  and  u. 

b.  1,  3,  ^d  5.  cJ.  3,  u,  and  5.  •   .  ' 

4 

49.  (423)     Signal  group  relay  CI  is  designated; as 

a.  GRC.  ELS  PU.. 

b.  FUSE.  •■        >  SLM. 


50.  (424)  _  The.  hold  path  for  d6  during  time"  1  is  through  alarm  and  supervisory 
circuit  (FO  4)  contact^ 

a.  5  and  7  of  Bo.^  .     c.     1  and  2  of  B7. 

b.  2  and  3  of  B7.  '  d.     7  and  6  of  B6. 

51.  (424)     B6  relay  receives  its  first  operating  path  through  alarm  and 
supervisory  circuit  (FO  4)  contacts. 

a.  3  and  2  of  B7.       '  c.     6  ^and  7  of  B6. 

b.  5  and  7  of  Bb.  .    '  d.     1  and  2  ^f  B7. 

52.  (425)    The  major  alarm  bell  does  not  ring  under  any  condition,  the  most 
probable  trouble  is  '    ; . 

a.  relay  C38  does  not  op^r^te. 

b.  relay^  C33  does'  not -operate .      '  .__ 

,  c.     oj5en  4  and  5,  contacts  of  relay  C3"8^  .  , 

\  d.     up'i^er  contacts  of  major 'AL  CO  key  open.   :       '         '  ^  . 

53.  (^26)     To^fioat  charge  the  central  office  battery,  the  output  of  the  charges 
is  regulated  with i'n  the  limits  of       .       '  - 

a.  '    .5  percent.  c. .  i.5  percent. 

b.  -  1  percent;  percent. 

54.  (426)^  What  is  the  out;)ut  of  the  central  office  dynambtor  (ringing  machine)? 

a.  ■  19  volts,  80  hertz;   .  .        ,   -        t:-     25*  volts;  90  cycles., 

b.  '    90  volts,  ^2^  cycles;  d.     80  volts,  19.  b*A'»'t  • 

.     _  .1 ;  _  .  .\     ._   _ ._    :      _ ' _     _    .  _       --  - . 

55/    (427)     When  relay  D24  operates,  it  closes  an  operate  path  to  relay  (see  FO  .o) 

a:     D26.  '  ;  D28:  .   

£^     £)27.  '  ,  '      d.     all  of  the  above. 


56.     (427)     Relay  D5  operates  from  (see  TO  5) 


^:     ground  from  generator  cbhtrbl  1  lead, 
ffroyrid  from  geriisrator  conti?oX  2  lead: 

c.  battery  from  generator  control  1  lead. 

d.  battery  fi?bm  generatoi?  control  2  lead. 

57.  (£+28)     If  there  is  nO  busy  tone  to  the _ connector  bays  from  either  machine,  the 
most  probable  cause  would  be  (see  FO  5 ) 

a.     open  BTl  coil.  contacts  on  cam  6  shor;ted. 

b:     windings  of  D26  shorted.  ci .  contacts  1T/2T  of  D26  dirty. 

58.  (i+28)     What  i.s  the  trouble  when  water  has  to  be  added  to  the  central  office 
battery  monthly? 

a.  The  battery  needs  to  be  replaced.         .  - 

b.  The  EQUALIZE  switch  needs  t'o^  be  operated^  

c.  The  float  level  adjustiJient  needs  to  be  increased. 

d.  The  float  level  adjustinent  needs  to  be  decreaised. 

59.  (429)    The  fire  'reporting  number  for  military  bases  usually  has 

a.  1711  as  its  terminating  digits. 

b.  '7  as  its  units  digit  and  1  as  its  tens  digit. 

c.  "    1  as  its  units  digit  and  7  as  its  tens  digit. 

d:     17  as  its  preliminary  digits  and  22  as  the  terminating  digits. 

60.  (429)    The  pulse  repeater  repeats  the  dial  pulses  by 

.  a.     amplifying  the  pulse  signal. 

b.  reducing  the  trunk  impedance. 

c.  reducing  the  trunk  resistance^    -   ' 

d.  reducing  the  electrical  distance  that  the  pulge  travels. 

.    ■  _  ■__  .  ■    .  .    .     .  .._     ..-  _^  ' 

61.  (429)     The  reverting  call  switch  is  accessed  fr^^m  the  banks  of  tae 

a.     test  selector.  c-     second  selector.  ^ 

'   b.     first  selector.  d.     special  second  selector. 

62.  .  (430)  _The  operator,  in  a  Strowger  exchange  may  reach  any  telephone  served  by 
the  office  through  the  use  of  .  .  •  " 

a.  auto-to-auto  trunks  and  auto-to-mariual  trur^-ks.  ^ 

b.  but-dial-to-line  equipment 'and  auto-to-auto  trunks. 

c.  auto-to-auto  trunks  and  but-dial-to-eonnector  trunk^      - ; 
'  '     d.  but -dial-to-line  equipment  and  out -dial-to-connector  trunks. 

63.  (430)    How  many  cord  circuits-are  there  on  ohe  position  of  an  Automatic 
Electric  switchboard? 

a.  18.  c.     16.  , 

b.  17.  ,       •        ^  :    d.     15.  .  '  ^         '  ; 

54.     (431)  .  men  the  ;fire  department,  answers  a  step-by-step  system  fire  repeater  call, 
the  loop  circuit  is  completed  through  the  windings"  of  fire  repeater  relay 

.  a.     E  lighting  lamp^LMl.  c.     C  extinguishing  i^p  L^Ml.^.... 

^\  b.     E  and  lights  lamp  LM2.  d.     F  which  extinguishes -lamp  LM2 . 


ERIC 


(431)    When  the  calling  subscriber  disconnects  after  a  fire- call,  the 


A  relay  is  fii?st  to  restore: 

b.     P  relay  is. first  to  restore.  ;  ,  

c:  E  T^^^y  releases  and  opens  the  circuit  to  relay  A. 
d.     F  relay  releases  and  opens  the  circuit  to  relay  E. 

(432)  When  a  step-by-stiep  system  pulse  repeat  is  seized  by  the 
outgoing  selector,  th^  sequence  of  relay  operation  is 

a.  'A-B-E-F.  ,  c.  A>B-F-E. 

b.  A-B'F-D.  •  d;  A-B-C-F. 

(433)  After  the  reverting  call  switch  (FO  8)  has  been  Seized  and  the  instaa,ler 
hangs  up,;:  the  A  relay  releases  and  operates  the 


a.     B  relay.  c.     E  relay, 

b:     D  relay.  d.     F. relay: 

(433)  What  type  of  relay  is  the  E  relay  in  the  reverting  , call  switch  (FO  8)? 

a.  Timing.  c.  Sipw-acting. 

b.  Tuning.  '  d.     Slow-to-release.  ■ 

('^^4)the_ operate  path  for  relay  B  in  the  selector  level  0  trunk  (FO  9)  passes 
tnrough  cotitacts 

a.  1  and  2  of  relay  A.             .       ,  c-     5  and  6  of  relay  A. 

b.  3  arid  4\bf  relay  A.         .                ^  d.     8  arid  9  of  re^ay  C. 

(434)  What  i>elay  arid  contacts  complete  the  pulsing  path  through  the  operator's 
position  circuit  (FO  9)? 

a.  1  and  2  of  relay  A. 

b.  4  and  6  of  relay  D. 

c.  6  and  6  and_  7  and  8  of  relay  A. 
-d.  IT  and  2T  and  IB  and  2B  of  relay  C. 

(435)  If_  contacts  10/1^2  of  the  F  relay  in  the  fire  repeater  circuit  (FO  6) 
do  not  make,  there  is 

•a.     no  ringing  of the  jii^ia  alarm.  '  . 

b.  no  operating  path  for  the  C  relay. 

c.  rib  operatirig  path  for  the  F  relay. 

d.  cprrtinuous  ringing  of  the,  fire^alarTn. 

(43^^^'The  reversing  call  ^switch'  (FO  8)  will;  only  sendring  currerit  out  on  the 
tip  Bide  of  the.^line.    What  would  be  the- probable  trouble? 

a.  7  and  8  of  the  D  relay  dirty.  c.     8  .and  9  of  the  B  relay  dirty. 

b.  7  ,and  9  of  the  F  re-lay  .dirty ..^  d.     1  and  2  of  the  J  relay  dirty. 

L^35)_  Inthe  pulse  repeater  circuit  (FO  7),  what  would; cause  the  calling 
subscriber  to  drop 'back  to  dial  tone  everytime  he  accessed  the  trunk? 

a.     Contacts  2  and  3  of  A  open.  \  '  c.     Contacts  1  and  3  of  C  open, 

'b.     Contacts  B  arid  7  of  E-operi.  d.     Cbritacts  1  arid  2  of  B  shorted. 

(436)  Depressibri  of  the  steppirig  switch":test  set  loop  switch  causes  which  of 
the  following  circuit  changed?  '  '  ..  . 

a-_  T^he  current  decreases.  ■  ,    *^        V  .  ' 

b:^'  The  resistance  decreases.  .  \ 

c.  A  decrease  in  voltage  and  cury-ent.'  '  • 

d.  An  increase  in  voltage  and  current.'  ^    j  v 


  ^       '     ■  •   ■    >     .    .  "  t 
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with  a  t-rrst 


75.     (^36)    After  testing*  a  faulty  ring  trip  problem . connector . switch 
handset,  and  not  finding  any  trouble,  what  should  you  do  next? 

a.  Wait  for  another  trouble  report.  .  ^ 

b.  test  the  connector  using  the  va??ying  machine.  ^_  .    .  ? 

c. -  Test  the  connector  using  the*  type  26A  switch"  tester. 

d:  Remove  the  switch  from  the  shelf  and  current  flow  the  ring  trip  relay. 

75.     (437)    The  reverting,  call  switch  is  accessed  from  the  banks ^bf  a    ^        ,  • 

-.       -  \ 

a.  test  selector.  <=•     second  ^elector. 

b.  first  selector.  <i-     special  second  selector. 

77.  (1+37)     What  type  of  multiple  is  shown  in  foldout  IC  for  outgo iij^  trunks  1 
through  10?  '     ^  ' 

a.  Graded.    .       .  ^'  Parallel. 

b.  Series:  ^-  straight. 

78.  '(t+38)     If  a  call  is;,to  be  traced' either  forward  of  backward,  you  could  start  by 

.   a.  checking  the.bay  cord. 

b.  reading  the  DTA  drawing: 

c.  determining  the  wiper  position^    ...         _  _ 

4.  determining  the  calling- party ^ s  number  at  the  linefinder. 

79,.    .UzB)     What  single  relay operated ,  in  the  connector  indicates  th^t  the  number 
it  i's  stepped  to  is  in  the  upper  bank?  ■  : 

a.     F.  ^  '  '  c.     J.  r     .  > 

b:    h:  :         -d.  k. 

50.     (438)    When^^det^rmining  the  hundr§ds_digit  at  the  linefinder,  you  short  test 
jacks  3  and  4  of  the  linefinder  causing  the 


4 


a  uoper  bank  W  to  light,  indicating. that  the  number  is  in  the  upper  bank- 
b.  upper  bank  lamp  to  light,  iridicating-that  the  nuniber  is  in  the  lower  bank, 
lower  bank  lamp  to  light,  indicating  that  the  number  is  m  the  upper  bank, 
lower  bank  l^mp  to  light,  indicating  that  the  number  i^  in  the  lower  bank. 


c. 
d. 
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Preface  , 


IN  THIS  VOLUME  you  arc  introduacd_ to  the  XY  telephone  s)^tem  in  almost  the 
idcnticai  way  you  were  introduced  to  the  Strowger  system  in  Volume  3  of  this  course: 
The  schetnatic  diagrams  used  for  displaying  the  relationships  of  the  various  circuits 
of  a  switching  system  arc  the  cbmbinations  of  simple  direct-current  circuits  which  arc 
opened  arid  closed  in  proper  sequence  by  the  operation  of  relays  and  switch^.  The 
symbols  used  in  the  sketch^  arid  the  scheriiatics  will  vary  somewhat  with  the  different 
types  of  <^Uipmerit.  Although  some  of  the  symbols  have  riot  becri  staridardizcdi  all  will 
be  easily  recognized  on  the  different  schematics  used.  There  are  14  schematic  foldbuts 
includKi  with  this  wlume.  They  are  printed  and  bound  as  a  separate  inclosure. 

^/  ^P^^.S^^^i'j^^  P"  .^^^^^'^^y  ^^U^^^.  9^  subjea  matter  of  this  text^ 
or  recommendations  for  its  improvement,  send  them  to  SAAS/TTOXU,  Sheppard 
AFB  TX  763 1 1 .  NOTE:  not  use  the  suggestion  program  to  submit  correaions  for 
typographical  or  bthcf  errora,     .  * 

If  you  have  qu^tibns  oh  cburec  enrol Imciit  or  administration,  or  on  ahy^Df/ECrs 
instructibnal  aidsjns^bur  Key  to  Career  Devclbpmcnt,  Behavioral  Objective  Excrcis«, 
Voluriic  Review  Exercise,  arid  Course  EJc^iriatibri),  consult  your  education  officer, 
training  officer,  cjr  NCO,  as  ap{)r6priate.  If  he  can't  aoiswef  your  questibris,  send  them 
to  ECI,  Guntcr  AFS  AL  361 18,  preferably  on  ECI  Fdrm  17,  Student  Request  for 
Assistance,  j  \ 

This  volume  is  valued  at  24  hours  (8  points).  ? 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  Dec- 
eSber  1978. 
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CHAPTER  1 


NOtEt  In  this  v^ume^  tbe  subject  matter  Is  developed  by  a  series  of  teariiltig  Objeclives,  Each  of 
these  arrlcs  a  3-dlgit  number  and  Is  In  boldface  type.  Each  sets  a  learning  goal  for  you  The  text 
that  follows  the  objective  gives  you  the  information  ybii  need  to  reich  that  gorf.  The  exercises 
follbwing  the  infbrmatibh  give  you  a  check  on  ybiir  achievement.  When  yoi  complete  them,  sec  If 
your  aiisWers  match  those  in  the  back  of  this  volume.  If  y^  response  to  an  exercise  is  incorrect, 
review  the  objective  and  Its  text. 


Linefinaer  Equipment 


LIFTING  a  lelcpherl^  handsc^i.  operates  relays  to 
cornpiete  circuits  within  a  telephone  switching  cente 
Since  we  already  know  that  t^he  LINE 
unit  to. operate  in  any  switching  center  when  a  call  i? 
initiated,  we  nc«d  to  begin  this  chajMcr  with_i 
discussion  of  thns  relay  in  relation  to  XY  iinefmdeY 
circuits.  You  must  understand  the  operation  and 
interrelationship  of  these  line  arid  I incfinder  circuits, 
as  wellras  the  circiiits  in  the  XY 
as  a  basis  for  your  future  maintenance  activities.  We 
will  include  in  this  discussion  ^e  Imcfinder  allottcr^ 
circuits  which  control  the  connecting  of  ariine  with  a* 
linefinder:    ^  , 

You  will  rerrierriber  frorri  your  study  of  Volume  2  o1" 
this  course  vthat  XY.  Universal  switch  steps  in  a 
horizontal  plane;  first  to  the  right  and  then,  into  the 
wire  banks.  The  S  (sleeve)  wiper  in  the  XY  s^^^^ 
the  «ijnc  wijjer  as  tjie  C  wiper  in  the  Strowger  The  HS 
(helping  sieeve)  wiper  i^  the  same  wiper  as  the  EC 
\yipei^  and  the  X  and  XX  wipers  sei^the  same^^b 
functions  as  the.  vertical  wiper  and  normal  post  springs 
-in  the  Strowger  system. 


1-1.  Lihefihder  Descfiptloii 

The  switching  equipmem  in  an  XY  central  office  is 
available  to  all  of  the  individual  stations; served  by  the 
exchange.  Consequently,  each  unitj)f  the  switching 
equipment  is  sliared,  at  any  moment,  by  several . 
stations.  The  lih^proviSS  a  means  of  coririectihg  and 
releasing  Jhe_  stations  from  ,  the  shared  equipment: 
When  ^nnected  to  a  calling  station,  the  line  circuit 
extends  the  transmission  lines  from  the  telephone 
statibri  to  the  shared  equipment.  When  connected  to  a 
called  station,  the  line  circuit  disconnects  the  line  relay 
from  the  shared  equiprrient. 

■  ■  ^_  V 

600.  bsing  figure_l-l  as  necessary,  name  the  three 
leads  between  the  XY  line  circuit  and  the\connector 
banks  and  deter  mine  the  number  of  linefihders^and 
SY  line  circuits  needed  to  support  an  organization. 


Line  Equipment  and  eircuits.  In  a  100  line  group 
there  are  14  linefinders,  2  allotters,.  arid  100  line 
circuits.  Thc  100  liric  circuits  are  mounted  on  the  fir^i 
10  linefinder  plates;  Tiap,  the  line  circuits  are 
mounted  with  10  line  dfftuits  arid  one  linefinder 
circuit  per  plate,  except  for , the  bottom  four  circuit 
plates.  They  have  only  jinefinders.  The  linefinder 
circuit  plates  are  mounted  horizbritally,  one  below  the 
other,  on  the  liriefi«derjhe|f;_each  linefinder  circuit 
plate  is  therefore  on  a  horizontal  plane  with  its  XY 

switch.   ^  .  '.^  _   ___  i_  : 

'  In  all  XY  systems  the  [ine  circuit  consists  of  a  dual 
relay  (Ctype):  the  line  relay  LR  and  the  cutoff  rel^y 
CO-  A  schematic  diagram  of  the  line  circuit  we  will  be 
studyirig  is  shown  in  figure  1-1:  You  can  see  in  this 
figure  that  the  line  circuit  has  two  terminals  connected 
to  the  line  (terminal  1  of  shelf  plug  Cjs  connected  to 
tip,  arid  terminal  6  of  tht  plug  is  connected  to  ring). 
Also,  the  circuit  has  three  connections  to  the 
connector  banks  ariid  four  connections  to  the 
liriefirider  bantcs.  Of  course,  two  of  the  connections  for 
each  are  in  multiple.  / 

Tlie  linefinder  circuit  is  used  to  find  the  lines  in  the 
linefinder  Switch  batik  to  which  the  line  circuit  is 
connected  and  to  extend  the  line  through  to  the 
succeeding  switching  equipment  c  (selector  or 
cdririectbr). 

Exercises  (600): 

1.  Apjjroximately'how  many  linefinders  should  be 
installed  in  a  2000-line  XY  switcfhing  center? 


2.  flow  many  XY  l^rie  arciiits  will  you  be 
responsible  for  if  the  organization  to  which  you 
are  assigned  serves  3 CpO  lines? 


3.  Name  the  three  leads  t>et ween  the  XY  line  circuit 
and  the  connector  banks: 


1^0 


O'" 


PAUT  or  emcuiT 


PLUG  c 


300 


JACK^ 


TOATTEKOAJ*JS      :   _ 

SWITCHBOARD  CWHEN  REQOIREDj 


1 


NOl  E  4 


1  TO  LINEFINOER 
■J  ALLQTTER  ClRCUl" 


NOTE 


RESISTANCES  ARE  IN  OHMS 
X  CONTACTS  OPERATE  FIRST 

CONNtCT  HStEAO  TO  RESISTOR  R3  FOR  EXECU 
TIVE  RIGHT  or  WAY  SERVICE 


linefinder-aiiotter  circuit,  identify  the  XY  aiiotter 
circuits,  the  rows  df^iiik  terminals  for  the  XY 
iinefinder  ba^1i^r^  aji^^  the  cdiuequeiices  when  two 
faulty  iinefinders  are  discovered  successively  by 
aiidtter  A,  and  name  the  magnets  for  the  XY  switch. 
Consult  fotdout  1  as  required. 


4  CONNECT  MS  iCAO  TO  GROUND  FOR  RESTRICTED 

service  level  

%  Circuit  no  i  Shown  wired 

6  ast  lead  is  common  to  10  line  circuts 


Figure  L-l.  X^^system  line  ci'rcuit. 


Lihefihder-Aiiotter.  Fdlddut  1 ,  found  in  a 
separate  inclosure  accompanying^  this  volume,  shows 
the  two^  aiiottdrs  for  the  system.  Notice  that  each 
'  aiidtter  has  ten  reiays.  One  ^aiidtter  serves  the  evcn- 
nombcred  icvcis  of  the  switchbank,  while  the  other 
serves  the  odd-numBeredL  Jevels.  Each  aiiotter 
^A^c™incs  which  iinefirider  XY  switch  wiii  search  for 
the  marked  lines  of  the  line  swiieh  in  the  switchbank. 
It  also  preselects  a  particular  lincfinder  circuit  tor 
Un?r>n^iLng  selects  each  linefihder 

circuit  in  su^  a  way  that  the  workload  is  distributed 
evenly  among  all  of  the  Iinefinders  in  a  particular 
f^l^JC-  '^npi^Ar  fun^  is  to  cdritrol  the 

stepping  of  the  linefmder  switch  as  it^searches  for  the 
marked  line.  The  aiiotte)*  is  equippcci  to  provide 
^'?^';ie_ncy  P^rat^  the  case  the  aiiotter  or^a 

iinefinder  fails.  If  the  aiiotter  encounters  a  defective 
linefinder  circuit,  it  automatically  detaches  from  the 


-  -  » 

\t?Mi5?JL"J^"^''^'*_cir^^^  steps  to  a  sue  kg  idle 
rin^findej^  If  an  aiiotter  encounters  two  Uaulty 
rmeffhd«^circuits  in  succession,  it  automat^lly 
•■^^rao^feiVaj^^  opcrzitidris  td  the  otfe 

aiioif^^^'The  other  aiiotter  then  serves  all  calls.  If 
j&tjer  fails  because  of  eieqtricai  or  mechanical 
fl^Pg^'^^ioOs^^a^^^  transferred'  from  the 
flottef  to  the  other  aiiotter. 
it  1  also  shows  you  the  Iinefinder  equipment.  - 
_ fe**j^  l*^?__^Y_Md  rdtary  switches  and  the 
iinefinder  banks  are  shown:  The  Iinefinder  circuit  and 
the  aiiotter  circuit  function  as  a  single  circuit  during 
^^^^J^^r^^^^D^^  ^Oc/: Jhe  linefindirig 

opNeriiidn  is  completed,  the  aiiotter  circuit  release 
from  ^the  busy  Iinefinder  circuit  and  automatically 
connect^^to  the  next  idle  Iinefinder  circuit. 

Exercises  (601): 

1:  List  five  relays  in  the  XY  aiiotter  circuits. 


2.  What  results  when,  in  searching  ihctLinefinders; 
2illo^A<2r  A  finds,  two  faulty  Iinefinders  in 
succession? 


3.  Name  the  magnets  for  the  XY  switch 


4  Identify  four  rows  of  bank  terminals  for  the  XY 
lixiefinder  banks 


1-2.  Unefindereircuil  Operation 

'  Since  each  liriermder  switch  barik  connects  to  1 06 
statibris,  a  method  was  provided  for  the  linefmder  to 
iocate  the  station  desiring  service.  This  was  done  by 
having  the  line  circuit  mark  the  level  in  which  the 
calling  station  appfcrs; 

602-  Using  roldbuf  I's  XY  nncfilKlcf  ^d^^^ 
selected  textjiai  Information,  idcntif^^  the  sp^ific 
equipment  or  connections  that  indicate,  in  typical 
sititftloRs,  thui-a  telephone  line  is  itiarked. 

Marking  a  fcine.  The  line  circuit  marks  the  level  by 
connecting  ground  to  the  X-XX  bank.  The  operated 
line  circuit  also  places  a  starting  ground  on  the  ailotter 
start  (AST)  lead,  which  starts  the  linefmder  searching 
for  the  calling  station.  ^ 

Level  war)ti>ig,_Each  group  of  10  lines  is  coririected 
to  a  common  AST  lead,  as  shown  in  fdldq^^^ 
1 1  to  lb,  for  example,  are  connected  to  one  common 
AST  lead;  lines  J 1  to  20  are  coririected  to  aridther 
AST  lead,  etc.  Each  of  the  10  AST  leads  is  then 
connected  to  the  X-XX  bank  in  thcLfoilowing  manner: 
The  AST  leads  which  serve  the  five  odd-numbered 
levels  of  Uric  circuits  are  connected  to  the  odd- 
numbered  \eve\s  of  the  Imcfinder  X  bank,  the  ST-A 
lead,  and  through  contacts  27  ^nd28  of  transfer  relay 
TF  in  allbttcr  B  to  relay  SA  in  ailotter  A.  as  sHown  i^ 
foldout  I.  Likewise,  the  five  AST  leads  which  servey 
the  even-numbered  levels  of  liric  circuits  are  cohriected 
to  the  even- numbered  levels  of  the  XX  line  linefmder 
bank,  the  ST-B  lead,  and  through  contacts  27  and  28 
of  relay  TF  in  ailotter  A  to  relay  SA  iri  allqticr  B.  As  a 
result  of  this  method  of  connection;  ailotter  B  .pan 
serve  the  odd -numbered  levels  of  line  circuits  if 
ailotter  A  should  fail:  arid  vice  vej-sa,^  a^^ 
serve  the  cven-numberetFlevels^i^^  circuits  if 
ailotter  B  should  fail.  Thus,  should  either  ailotter  fail. ' 
Sie  other  al^tt^r  will  handle  all  'Jinc  circjyjs.  The 
following  exarnples  illustrate  the  principles  osod  in 
njarking  the  desired  level  in  the  X  or  XX  bank:  refer 
/io  fqldput  1 ,  tracing  the  circuits  as  we  proceed  When 
both  alldtters  a^  working  properly;  and  assuming  that 
line  circuit  3 1  origi^iates  a  call,  ground  is  connected  to 
the  third  wire  of  bank  X  :  Jhis  is  so.  s[nce  this 
circuit  is  served  b>^  the  AST  Ic^d  that  is  common  to 
lines  31-30.  Assuming  that  line  66  originates  a  call, 
ground  is  connected  to  the  sixth  wire  bank  of  the  XX 
biank  over  the  common  ASt^lead  serving  lines  6 1  -60. 


When  ailotter  B  is  hoi  work  i  rig  and  all  otter  A  i\ 
working,  the  eyeri-nuriibcred  level  line  circuiis  aj-c 
transferred  to  the  X  bank  by  the  contacts  of  the 
transfer  relay  of  ailotter  A, 

Marking  pomion  in  texrl.  At  the  same  time  thai  (he 
line  circuit  grounds  an  X  or  XX  bank  wire;  it  also 
marks  the  proper  position  of  the  calling  statibri  iri  the 
selected  level  by  coririeciing  negative  batter)'  lo  the  S 
bank  wire  in  the  switch  bank;  Since  the  linefinder 
switch  hunts  for  battery  on  the  S  bank,  this  batter> 
serves  to  stop  the  Y  direction  hunting  actll)n  of  the 
linefmder: 


£xercises'(l»02):  | 

I:  The  handset  at  sution  324  has  been  lified. 


In^ 


which  allottcr,  A  or  B.  will  the  start  relay  operate".* 


2.  Cdriiacts  27  and  28  of  relay 
placed  in  the  normal  pos»|tion 
tposition^^pcn  or  closed? 


TP  in  ailotter  B  ire 
What  is  this 


3.  A  calling"  party  lifts  the  handset  from  the 
hookswitch.  When  this  happens,  what  :d6es.  a 
linefmder  do? 

4.  The  handset  is  lifted  at  Kl^phone  station  673: 
identify  the  marked  XOtK^linefinder  bank 
terminal<and  its  potential  whcn^his  occurs. 

r 


603.  Identify  the  line  cifcuh  posijion  a^^  XY 
equipmeni  devices  operated  when  a  specified 
sutler iber  lifts  the  telephone  handsel  to  originate  a ^ 
call  afid  the  |M>|ential  tnaintaining  line  circuit  relays 
operation  during  a  call,  as  well  as  this  potentiars 
source,  and  hamec  the  XY  line  circuit  relay 
'remaining  operated  during  a  conversation.  Use 
figure  1-1  as  needed. 

briginatitfg  a  Call.  To  originate  a  call;  the 
telephone  user  lifts  the  handset  from  the  cradle  of  the 
telephone.  This  action  clones  the  hcM^kswitch  contacts 
to  cbmptoe  the  T  and  R^loop  to  relay  tR  in  the  line 
circuit 

Relay  LR  operaies.  The  circuit  jjath  for  relay  LR  is 
shown  in  figure  1-1:  When  relay  tR  operates:  its 
contacts  perform  the  follovving  functions: 

cO.  Contacts  5-6  disconnect  the  dc  winding  of  relay 
CO  from  the  SN  (sleeve  normal)  lead  of  the  coifnector 
bank.  This  action  prevents  relay  CO  from  operating  at 
this  time. 


h.  CiMltacts  place  ground  oft  the  SN  lead  xo 
marie  this  line  busy  at  the  connc'ctor  banks. 

Cimtacts  3-4  connect  resistance  battery  throijjgh 
the  winding  of  relay  CO  to  the  S  lead  ot  the  lincfinder 
to  mark  the  cailing  line  position  on  tUfc  S  bank. 

J.  Contacts  I  -2  place  ground  oh  the  coinrribn  AST 
leadio  mark  the  X  posicion  of  the  calling  line  and  start 
the  linefinding  action. 

Retay  CO  operares.  When  the,  linetinder  finds  the 
callingJine,  Lt  places  ground  on  the  S  lead  to  operate 
relay  CO.  When  relay  CO  operates,  its  contacts 
pertbrm  as  folli)ws: 

:  a.  Contacts  2 1 -22  complete  a' holding  circuit  to  the 

S  lead.   ^ 

^.  tontacis  23-24  and  25-26  open  the  circuit  to 
relav  LR,  thus  releasing  it. 

Reiuy  LR  reieusifs.  When  relay^  tR  releases,  its 
contacts  function  as  foliovvs: 

LL  Contacts  1-2  remove  ground  frorn_the  AST  lead. 

h.  Contacts  6-7  remove  ground' from  the  SN  lead. 
However,  ground  is  still  necessary  on  the  SN  lead  to 
mark  this  line  circuit  biisyv 

i'  Contacts  5-6  complete  the  circuit  from  the 
grounded  S  lead  to  the  SN  lead. 


Unt  circuit  opirraie^i..  The_  line  circuit  remains 
operated  for  the  length  of  the  calL  When  the  call  is 
completed,'  all  bf-_the  XY  switches  involved  in  the 
switch  train  are  restored  to  normal  and  ground  is 
removed,  allowing  the  line  circuit  to  restore  to  its 
^  normal  cbndjtibn.  Removal  of  ground  from  the  SN 
iead  allows  the  line  circuit  to  receive  incoming  calls. 


Exercises  «i03):  «  . 

j.  Give   the   line   circuit   position   and   the  XY 
equipmePit  devices  that  b  per  ale  when  the. 
subscriber  at  station,  48  lifts  the  -telephone 
hands^n. 


2.  Name  the  XY  l[ne  circmt  relay  that  remjains 
•operated  during  the  conversation: 


■3.  Identify  Jihe  potential  which  keeps  the  line  circuit' 
relay  operated  during  the  call  and  where  this 
potential  comes  from:  : 


604.  Concer,ning  XY  relay  connections  and 
(>  pe  ra  t  i  o  n s  I  h  a  t  I  e  r  m  i  n  ai  ^  a  c a  I  I  arid  p f  o  v  i  d  e 
restricted  service,  state  the  method  for  releasing  the 
XY  line  circuit  relay  when  a  called  subscriber 


replaces  the  handset  <»fi  the  telephone  ^nd  the 
irequired  action  t(»  restrict  a  telephone  slutiori*\ 
accevi  to  a  specific  level  in  the  system: 

Call  Terminatiori  Sequence/  arid  Restricled 
Service.  You  have  already  seen  tpat;  when  the  line 
ciVcuit  IS  connected,  to  the  linetmder,  the  [in e  relay  is 
disconnected  from  th<c  transmission  leads.  TRis  is  done 
when  the  linetinder  cijpnects  groand  to  the  S  lead  at 
the  linetinder  bar^,  which  operates  the  CO  relay  of  the 
^allin^  line  circuit.  The  operated  CO  relay  contacts 
23-24  and  25-26  open- the  circuit  of  relay  tR.  This 
action  disconnects  everything  from  the  T  and  R  leads. 

Line  iircuU  opehitefi  arui  relViisVd  Relay  CO  m  the 
teminating  line  'circuit  remains  operated  for  the 
length  of  the  call.  When  the  call  is  completed,  the 
corinectdr  restores  -to  normal  and  removes  ground  | 
from  the  SN  lead:  This  action »>')pens  the  operating 
circuit  of  relay  GO:  soit  restores.  Thus,  the  line  circuit 
is  returned  to  its  nofrrml  (idle)  condition. 

Linv  cifcim,  resirided  service.  Restricted  service 
ipvei*  markings  are  sometimes  provided  to  prevent 
certain  stations  from  having  access  to  certain  levels  in 
the  system.  When  a  restricted  station  dials  a  restricted 
level,  a  bCisy  ^one'is  returned.  The  restricted  service 
line  circijit  is  the^sarric  as  that  shown  in  tlgarc  ]-l, 
except  that  grounjl  is  connected  to  the  HS  lead. 
Ground  oH  the  HS^cad  acts  along  with  the  succeeding 
equipment  to  ^provide  the  sequence  of  switching 
operations  necessary  for  resiricted  service.  This  will  be 
covered  in  fhorc  detail  in  Chapter  2. 


Exercises  (604): 

I.  t>Jame  the  method^^by  which  the  XY  line  circuit 
relay  is  released  when  the  catted  subscriber 
replaces  the  handset  on  the  telephone.  ^  - 


2.  What  mlist  you  do  when  you  arc  asked  to  r^stri^t  a" 
telephone  station  from  access  to  a  specific  level  in 


the  systc^m  ? 


r 


> 


605.  tJsing  figure  t-2  and  roldout  rs  XY  Iinefi rider 
diagram,  name  the  equipment  arid  list  the Jict ions 
that  .  allocate  linefinders  when  conditions  are 
normal. 


AMbttrrig  Li  nefi  nder 'Ci  rcui  ts.  For  this 
exptanation,_assume_  that  line  ^5  is  the  originating 
station.  Use  figure  1  -2  while  also  reterririg  to  folddijt  1 
and  reading  this  manu^riptj^ 

Line  75  appears  at  the  tlflh  contacts  of  the  seventh 
level  Tn  the  linefinder  bank.  Since  this  is  art  odd  level, 
it  is  normally  •served^ by  allottpr  .A.   _  ' 

Relay  FB  opercaed.  Relay  FB  (fmder  busy)  is  shown 


3^3 


in  the  oFMsrated  jx>siliori.  because  ij.  is  normal Ij;^ 
operated:  The  only  time  that  relay  FB  restofts  is  when 
all  of  the  lineTindcr  circuits  common  to  allotter  A  or 
a!!o?tcr  B  are  busy  or  when  a  fiisc  J:>lows  in  either 
aiiotter: 

The  ATE  lead  is  multiplied  to  each  linefinder 
circuit.  As  (orig  as  one  or  Tnore  lihefinder  cirCUils  arc 
idle,  ground  is  present  on  the  ATB  lead.  When  Ml 
grounds  arc  removed  from  the  ATB  jead.  relay  FB 
rdcaMrs.  closihg  a  circuit  to  the  ATB  meter  and 
register! ngj^tfie  ATB  condition. 

Seizure  When  the  handset  of  telephone  humber^V.S 
Is  lifs#d  fro^^^  the  cradle,  the  line  circuit  operates  as  we 
have  explained  previously.  Accordingly^  negative 
batiefy  is  placed  on  the  S  lead  in  position  5  of  level  7 
in  the  linefinder  banks  and  ground  applied  to  the 
seventh  positiojn,of  the  X  bank.  This  ground  also 
operates  relay       (start  allotter)  to  start  the  allbiiei^. 

Relay  S/4  oo^raie^.  Relay  SA  operates  and  starts  the 
linefinder- allotter  circuit.  The  contacts  of  relay  SA 
perform  the  fol lowing  functions: 

a  Comacts  \-2  extend  groan4  through  terminals  -i 
26  of  ailotier  A  circuit  plate  jack  A  and  shelf  plug  A  tp 
the  start  (ST)  lead  of  the  common  supcrvjsoii  circuity 
This  operates  the  timing  and  alarm  equipment  of  the 
common  supervisory  circuit.  . 

b.  Contacts  3-4  extend  ground  from  contacts  7-6  of 
the  TST  switch,  through  the  emergency  start  fail  lamp 
(EM  STFaIL)  and  also  through  terminal  27  of  allotter 
A  circuit  plate  jack  A;arid  shelf  plug  A.  to  the  c^^ 
supervisory  circuit:  This  starts  a  timing  circuit  which, 
when  completed  after  a.  time  interval,  lights  a  red 
trouble  lamp.        ,  _  l_ 

c.  Contacts  5-6  prepare  a  circuii  for  relay  PU 
tpickup).  This  circuit  is  prepared  at  this  time  to  permit 
relay  PU  to  operate  if  the  linefinder  t>eing  used  is 
faulty:  This  situation  is  covered  fuliy  in  a  later  section. 

d.  Contacts  9-10  prepare  a  locking  circiiit  to  relay 
SA.  This  circuit  is. necessary'  only  if  the  last  idle 
iinefiiider  is  being  used 

e.  Contacts  11-12  prepare  a  circuit  to  the  X  magnet 
in  the  Hncfi rider  swiic]l  _ 

/  Contacts  7-8  complete  the  operating  circuit  of 

relay  GD.  \ 

1  -     ♦    \\  .  ' 

Relay  GD  operatic,  fclay  CD  operates  in  scries  with  , 
the  rotary  switch  magnet.  But  the  rotary  nragriet  does 
no-L  opcfate  at  this  time,  because  there  is  not  enough"' 
current  flowing  through  it.  The  operation  of  relay  GD 
partially  prepares  and  then  completes  the  circuits  given 
below:    ^  ^  \  ^ 

a.  Comacts  23-24  extend  ground  fror^ierminar  14  ^ 
of  allotter  A  shelf  plug  A  to  terminal.  20  of  rotary 
switch  B.  This  ground  stejp«  romry  switch  B  to  another 
idle  linefinder  wheaboth  allotters  are  connected  to^h^^- 
same  linefinder  at  the  same  tirric.       *       _  _  _ 

ft.' Contacts  25-26  complete  a-locking  circuit  for 
relay  GD.  This  circuit  Is  completed  at  this  time  to 
allow  relay  GD  tl^  remain  ojxratc^^ficr  relay  XS  (X 
stopping)  operates.  (Relay  XS  opSjl:^  later:) 

\  ■    ■  5" 


SEIZURE  -  cAlUng  party  r«mov«i  handiat 


Op«ration  con-  . 
tinuei  until  wiper 
contact!  ground 
oh  X-  XX  bank 


Ground  «nrountcr»d  on  the  X  or  XX  bank 

'A 


Operation  con- 
tinue iWntil  wtpev 
contact!  battery 
on  S  bank  ' 


Figure  1  -2.  "Relay  sequence  of  operation,  lineflnder-allbiicr. 


c.  Contacts  10-1  1  extend  ground  through  {erttiirials 
i  of  aiiotter  A  circait  piate  jack  C^nd  shelf  plug  C  to 
the  wiper  in  Level  A  of  rotary  switch  A,  This  grounds 
the  contact  that  the  wiper  is  resting  bri  to  pr^^^ 
rotary  switch  B  from  seizing  the  same  .linefinder  to 
wfnch .rotary  swkch  A  is  connected.  " 

d.  Contacts  7-8  further  prepare  the  circuit  for  the  X 
magnet  in  the  linetlnder: 

f.  Contacts  5-6  _extc*nd  groujrd  through  thcL  bd 
wi  h  di  n  g  b  f  re  lay  X  S  to  con  tact  2  2  o  f  re  lay  X  S .  Th  i  s 
prepares  a  locking  circuit  for  relay  XS.  This  ground  is 
also  supplied  through  resistor  R7  and  the  winding  of 
relay  YS  to  negative  battery.  Current  tip ws  through  ' 
relay  YS  (Y  stopping),  but  not  enoa^  current  flows  to 
allow  it  to  operate.  It  is  partially, energized  at  this  time 
to  insure  that  it  qperate^^^  to  stop  Y-direction 

stepping  of  the  iinefinder.|_ 

/  Contacts  3-4  prepare  the  operating  circuit  for 
relay  XS.  Relay  XS  will  p|)erate^^w^     the  X  wiper 
connects  with  ground  on  \hc  marked  level  Mn  the  Xv 
bank  [level  7  in  this  example). 

_:  8-  Co ri tacts  29-30  comj5lete  the  locking  circuiijto 
refay  SA,  from  negative  battery  through  the  ca  winding 
of  relay  SA,  contacts  30-29  pf  relay  GD,  contacts  1 0-9 
of  relay  SA,  to  the  first  operating  ground  from  the 
AST  lead.  : 

h.  Contacts  31-32  extend  the  ac  winding  of  relay 
YS  to  the  S  wiper  of  the  linefinder  and  ground  from 
the  CO  relay  in  tht  line  circuit.  Relays  YS  and  CO  wilP 
operate  when  the  S  wipier  meets  resistance  ihegatiA/e 
batteiy  in  the  marked  positi™  of  the  linefinder  bank 
(position  5  of  level  7.  in  thisiexample). 

/.  Contacts  27-28  prepare 'ran  opei^t^ng  c to 
relay  PA  (pulse  assist).  This  circuit  is  nor  completed 
until  relay  ST  (start  relay)  in  the  linefinder  operates. 

j,  Co  ri  tac  ts  1-2  CO  mple  te  t  he  bperati  n  g  ^ircuj  t  of 
relay  YD  (Y  delay)  and  contacts  21-22  complete  the 
operating  circuit  to  relay  ST  in  the  linefinder. 

Relay   YD  opemtes.   Relay  YD  performs  the 
following  functions; 

_  :  a  .Contacts  6-7  prepare  a  circuit  to  bfxsrate  relay 
PU  if  the  linefinder  failsio^tep  in  the  X  direction. 

b.  Contacts  3-4  open  the  prepared  operating  circuit 
of  relay  YS.  Th«c  coritacts^peri  tb  keep  YS  relay 
from  bjxratirig  at  this  Ume. 

r;  Contacts  1-2  prepare  a  locking  circuit  for  relay 
YD  . 

d.  Contacts  26-27  prepare  a  circait  from  ground  at 
contact  1  1  of  relay  SA  to  the  X  magnet  iri  the 
linefinder  circuit. 

Relay  St operaYes.  Relay  ST  performs  the  tbllbwirig 
functions:  ^  i 

a  Contacts  1-2  bridge  a  5id-ohm  resistor  (RI) 
across  the  T  and  R  leads  tb  the  succeedirig  eqiiiprticnt. 
This  bridging  circu^it  operates  ^^^^^^^^  first 
numerical  switch  (selector  or  connector)  to  seize  that 
switch  in  preparation  for  dialirig. 


b.  Contacts  3-4  further  open  the  circuii  to  t-elay  RA 
(shelf  suplervisbry  equipriierit).  Relay  RA  bperates 
each  time  the  release  magnet  of  the  linefinder  switch 
operates.  If  the  release  magnet  should  operate  and  not 
release  the  switch,  relay  RA  wbu|d  stay  bperated  arid 
lightjthe  release  lamp,  which  is  located  on  the  shelf 
supervisory  circuit  plate. 

c.  Coritacts"12-13  cbriiplete  a  circuit  tb  relay  PA. 

d.  Contacts  6-7  and  9-10  partially  complete  the 
circuit  path  to  the  X  magnet  of  the  linefinder. 

-Relay  PA  operares.  Relay  PA  operates  and  performs 
the  following  funciions: 

£j.  Cbri tacts  4-5  preverit  the  rotary  switcH  frbm 
stepping^  the  next  linefinder,  while  the  X  or  Y 
magnei  is  energized.  f  . 

b.  Coritacts  2-3  cbmplete  the  bperatirig  ciTCuit  of 
the  X  magnet.  This  starts  the  switch  wipers  stepping  in 
the  X  direction. 

Exercises  (60S): 

:  1.,  Name  the_ terminal  that. connects  to  ground,  so 
that  the  FB  rsiays,iri  the  allbttei^mayj^ 
while  the  linefinder  is  not  seeking  a  marked  line. 


2.  List  the  XY  allbtter  relays  that  operate  duririg 
seiziire  of  the  linefinder  switch. 


3.  Specify  the  devices  that  comprise  a  holding  circuit 
for  relay  SA.  ^ 


4:  Identify  the  operated  relays  that  provide  the 
operating  circuit  for  XY  aiiotter  relay  YS. 


5.  Name  Itie  relays  that  provide  the  operating  cirduit 
for  aiiotter  relay  YD  and  tell  what  its  condition  is. 


6.  Name  the  XY  allbtter  relay  that  bperates  iri 
cohjurictibn  with  the  stepping  switch  magnets. 


606.  tlsing  foldout  I's  XY  diagrams  and  figure  1-3, 
identify  the  Hnennder  cirnifwheiits  that  sX^p  the  XY 
switch  ill  the  X  direction. 

Stepping  in  X  Wrection.  The  X  magnet  arm^ 
{^^^  the  X  driving  pawl,  engaged  in  the  teeth  of  the  ^ 


X  ratchet,  and_tums  ihc  X  gear  sprocket  to  slide  the 
cog  roller  (the  T,  R,  S,  arid  HS  wipers  also  slide)  one 
stepjn  the  X  direction;  The  X  gear  sprocket  also 
moves  the  X-XX  wipers  tne  step  in  the  Y  direction. 

"Hie  X  bfrnbnnal  (X-ON)  spririgs  operate  as  the 
switch  wipers  take  the  first  step  in  the  X  direction.  (To 
be  used: later,)  *  _j 

The  X  intemiptcr  spnrigs  PC-IS)  are  opcried  before 
the^  X  m^et  completely  operatK^  These  contacts 
open  the  circuit  to  relay  PA,  thus  rcJeasjng  it.  Relay 
PA  ojMsris  the  circuit  to  the  X  riiagitet  ^heri.its  2-3 
contacts  open: 

The  X  magnet  rclcas«  and  its  armature  starts  to 
return  to  its  norma  1  (unbperatcd )  pds i ti bri .  Hb we ve r , 
before  it  reaches  Sis  positipn,  the  X-IS  close  and 
again  coriiplctc  the  circuit  lo  relay  PA.  Relay  PA 
reo^rates  aod  again  completes  the  circuit  tb  the  X 
magnet: 

Xbf  ^^iimagnet  _reoj>erates,  mqviiig  the_  wiy^j-s 
another  step  in  the  X  direction,  and  again  opens  the 
circuit  to  relay  PA,  Relay  PA  release  arid  ag^iri  opens 
the  circuit  tp  the  X  Jna^ct  Als^  the  armature  of  the 
X  m^piet  5gain  starts  to  return  to  normal: 

This  s«nuchcc  of  bperatibri  cbritiriucs  uritil  the  X 
wij>ef  cqraiK^m^  with  the  ground  <)n  the  ' 

marked  position  of  the  X-XX  bank:  ifigrjQund  had 
b^n  pr^rit  bri  the  first  cori tact  bf  the  X-XX  Ijarik, 
the  switch  wij^rs  wbUjd  have  movwi  qnjy  one  step  in 
the  X  direction.  >iowcver,  in  this  example,  ground  is. 
bri  pbsitibri  7  bf  the  ^  bank.  Therefbre,  the  switch 
•  wipers  pioye jseven  steps  in  the  X  direction— to  where 
Ihe  X  wip)er  comes  into  contact  with  the  ground. 
Qrbiirid  bri  this  coritact  operates  relay  XS  in  the 
allotter. 

_  _  Relay  XS  operates^  As  relay  XS  operates,  contacts 
25-24  further  qpcri  the  circuit  to  relay  PA,  so  that  it 
will  not  reopcrate  when  the  X  magnet  releases:  Relay 
PA  release,  arid  its  2-3  coritacts  bpcri  the  circuit  tb  the 
X  magnet.  The  remairiihg  contacts  bf  relay  XS 
function  as  follows; 

a.  Coritacts  22-23  cbriipletc  a  Ibckirig  circuit  for 
t^lay_XS.  This  circuit  puts  the  two  windings  of  relays 
XS  in  series: 

b,  Coritacts  6-5  cbriiplcte  a  circuit  tb  the  peg  courit 
mc^r  (PC).  the  " 
number  of  times  one  allotter  has  operated. 

c  Cbritacts  3-4  bperi  ihe  bperatirig  circuit  bf  relay 
GD.  Relay  GD  does  not  release  at  this  time,  because  it 
is  locked  up  over  its  own  contacts  25-26. 

d.  Cbritacts  26-27  prepare  the  path  tb  the  Y  magnet 
for  Y  direction  stepping: 

_  e.  Contacts  7-8  g?epare  a  circuit  for  operating  relay 
SW. 

/  Contacts  1-2  break  and  openjtfae  circuit  to  relay 

YD 

j. 

Relay  YD  releases.  Relay  YD,  being  slow  to  release, 
rcmairis  bperatcd  for  a  short  time  arid  then  releases. 
The  contacts  of  the  relay  function  as  follows: 


a:  Contacts  1  -2  open  the  alternate  lockup  circuit  of 
relay  YD. 

J?  Contacts  7-6  break  arid  6-5  riiake  to  trarisfer  the 
circuit  of  relay  PU  from  its  ac  to  its  bd  winding:  ^ 

c.  Cbritacts  26-27  break  and  25-26  make, 
traiisfeitirig  the  circuit  fr-bm  the  X  riiagriet  tb  the  Y 
magnet: 

Contacts  3-4  partially  complete  a  circuit  to  relay 
YS.  __  ; 

e.  Contacts  24-23  complete  the  operating  circuit  of 
relay  PA. 

Exercises  (606): 

1.  List  the  bpci^ated  devices  iri  the  bperatirig  circuit 
of  the  XY  switch  X  magnet.  - 

'  V  •    _  : 

2.  From  what  source  does  terminal  7  of  the  X-XX 
barik  termirials  get  thepbteritial  that  bperates  the 
allotter  XS  relay? 


3.  Identify  the  operated  relays  for  completing*  the 
bperatirig  circuit  bf  the  Y  riiagriet. 


607.  tJsmg  fotdoQl  I's  XY  diagjrkni&,  iiafne  the 
linefinder  cbtriponents  thai  step  the  XY  switch  in  the 
Y  direction. 

~  J   «   _     

Stepping  in  Y  Direction.  The  Y  magnet  armature 
ipoves  die  Y  driving  pawl  ^  turn  the  cbg  rolJen  arid  T, 
R^S,  and  HS  wipers  move  one  step  in  the  Y  direction. 
(The  X-XX  wipers  do  not  moye_during  Y  direction 
^^^P*"?! )  (Y-ON )  spririgs  bperate 

as  the  wipers  take  the  first  step  and  remain  operated. 
The  Y  iriterruptcr  springs  (fy-ISj  are  opened  before  Ihe 

is  opened  by  these  contacts,  thus  releasing  relay^  PA: 
^_clay  PA  bperis  the  circuit  to  the  y  magnet  when  its 
contacts  2-3  open. 

With  the  -circuit  to  the  Y  magnet  opened,  the 
2^FtnaJtire  bf  the  Y  riiagriet  starts  to  rcturh  to  ks  norma) 
(unoperated)  position:  However,  te^re  jt  reaches  its 
riorriial  positicHi,  the  Y -IS  close  and  again  complete 
^*^?i^'**?MiL^P  r^l^i  PA.  Rela^/  PA  operates  arid  again 
completes  the  circuit  to  the  Y  magnet.  ^ 
^  The  Y  riiagri^  operates,  riioving  the  wipers  one 
"^^'■e  stCR  Y-IS  agairi  bpen 

the  circuit  to  relay  PA:  Relay  PA  releases  and^agaiff 
bperis  the  circuit  to  the  Y  magriet,  and  the  Y  magnet 
releases  again. 

This  sequence  of  operation  continues  untjl  the  S 
wiper  coriies  into  contact  with  the  resistance  negative 
battery  bri  the  riiarked  pbsitibri  of  the  S  barik.  If 
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Figure  I  -3.  Teiephofic  line  extended  to  f^irst  scieaor. 


resistance  battery  had  been  present  on  the  first  contact 
of  the  S  bank,  the  wipers  would  take  one  step  in  the  Y 
dircctidh  bni^.  However,  in  this^ example,  r^istmice 
batteryns  on  position  5  of  icveJ  7.  The  wipers, 
ihcrcfbrc,  take  five  steps  in  the  Y  dircctioh;  arid  the^S 
wiper  c»mw  into  contact  resistance  battery: 

This  rcsKtance  negative  battery  relay  YS  is  in  series 
with  relay  5^0  in  the  line  circuity  ' 

Retay  YS  pperates.  The  first  function  of  relay  YS  is 
to.break  contacts  3-4  to  open  the  circuit  to  relay  PA. 
Relay  PA  _rel<»*es  at  this  tiiT^^        >^_con tacts  2-3 
open  the  circuit  to  the  Y  magnet:  The  remaining' 
contacts  of  relay  YS  fuhctiori  as  follows: 

a.  Contacts  7-6  make  and  ,6-5^bfcak  to  tt^nsfer  the 
operating  circtfit  of  relay  AS  from  its  ca  winding  to  its 
bd  winding.  . 

&.  Contacts8-9  open  the  circuit  to  relay  Gb.^clay 
6D,  because  of  Its'slow-to-reiease  feature,  does  not 
release  at  this  time.  It  reriiairis  operated  for  a  fra^^^ 
of  a  s^tdiid  to  allow  other  switching  functions  to  take 
place  before  it  reieas^. 

c.  Contacts  9-10  c»mp[ctc  a  ci^^^ 

of  rotary  switch  A:  Although  its  armature  operates,  the 
RX  switch  doej  not  step  until  relay  YS  releases  arid 
bperis  the  bf«raUng  circiiit  to  the 
switch  A.  The  driving  pawl  of  RX  then  steps  the 
wipers  attached  to  the  rotary  mechanism  to  ariother 
cdritact.     

d.  Contaca  I  -2  of  relay  YS  complete  the  operating 
circuit  of  relay  SW  (switchthrough). 


Relay  S  W  operates,  RclaySW  dpcratw  Jmd  Iqck^^ 
through  its  own  cbritacts  22-21  to  ground  received 
from  the  S  lead  of  the  succeiKlini;  equipment.  This 
lDckup__path  Is  indcperidcnt  of  the  aypttcf  Aif^^^^ 
Relay  SW  remains  dgtrat^d  as  long  as  the  next  switch 
fumishK  ground.  on_  the  S  lead.  The  remairiirig 
cot\tacts  of  relay  SW  function  as  follows: 

n.  Contacts  iJ-32  further  open  the  circuit  of  the 
release  magrict  (Z-FO  I )  to  prcycrit  the  release  mapiet 
from  operating  svhen  rc[ay  ST  releasra;  Contacts 
34-35  complete  a  circuit  from  ground  at  contacts  8-7 
of  the  busy  switch  to  the  bank  coritacte  of  feth  rot^ 
switch«^^  This  ground  marks  this  Imefinder  busy,  on 
the  banks  of  both  rotary  switches,  to  prevent  the 
allqtter  frprii  seizing  it  as  bthcr  tclcpho^  Users 
originate  calls;  Other  busy  Hnefinders  mark  their 
IK)sition  oh  the  banks  of  the  rotary  switches  in  a 
siriiilar  manner.  This^ourid  is  removed  when  relay 
SW  releases  at  the  completion  of  the  call. 

b.  Contacts  27-28,  29-30,  23-24,  and  25-26 
extend  the  R^  S,  atid  HS  leads,  respectively,  from 
the  line  circuit  through  the  linefinder  to  the  asskjciated 
selector  or  coririector  circuit.  You  can  sec  these 
cdriricctiqns  illustrated  in  text  figure  1-3.  Although 
this  figure  does  not  illustrate  it,  you  should  recall  that 
the  succeeding  equipment  connects  ground  to  thc_  S 
lead  to  hold  the  SW  relay  In  the  linefinder  and  the  CO 
relay  in  the  line  circuit  operated.  In  addition,  the 
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A*: 

succeed^irig  equipm eh r  return  dial  tone  to  the 
telephone  station  over  the.T  and_R  leads.  Rernemt>er. 
too.  the  open  contacts  25  and  26  at  relay  CO  have 
released  relay  LR,  As  a  resuU,  ground  is  disconnected 
from  the  AST  lead  "  With  ground  removed  fromjhis 
lead. 'relay  SA  releases.  Relay  SA  p)erforms  ho 
important  fuhctibris  during  its  re 

Relay  db  retemes.  Because  relay  GD  is  a  slow-to- 
releaseS^elay.  the  funciJons  just  described  are 
performwl  before  relay  GD  releases,  and  its  contacts 
furictioii  as  follows:  ^  ^  . 

a:  Contacts  21-22  remove  ground  from  relay  ST.' 

which  releasK. '    _ 

J).  Contacts  5-6  remove  ground  from  relay  XS. 
which  releases.  These  contacts  also  opjen  the  biasing 
circuit  to  the  bd  winding  of  relay  YS. 

c.  Contacts  32-31  open  the  circuit  to  relay  YS, 
which  also  releases. 

:  d  The  remaining  contacts  of  relay  GD  are  of  no 
irripdrtahce  at  this  lime. 

Relay  ST  releases.  Relay  SJ.  reFeases  arid  its  contacts 
function  as  follows: 

a.  Contacts  9-10  further  open  the  circuit  to  the  X 
magnet   

b.  Contacts  1-2  disconnect  the  original  bridge  used 
to  seize  the  succeeding  equipment. 

c  Contacts  12-13  further  open  the  circuit  to  relay 
PA.  ' 

d  Contacts  6-7  open  the  originial  operating  circuit 
of  relay  SW:  however  relay  SW  remains  operaied  by 
its  lockup  circuit  through  its  own  22-21  contacts  (fi^. 
1-3).  _  _ 

e.  Contacts  5-4  prepare  a_  path  for  the  release 
magnet  This  circuit  will  be  completed  when  relay  SW 
releases  (at  the  completion  of  the  call). 

Reiay  XS  releases.  Contacts  5-6  of  relay  XS  open 
the  circuit  to  the  PC  meter.  The  rernaining  contacts  of 
relay  XS  perform  rio  important  functions  at  this  lime; 
(FO  1). 

Relay  YS  releases  and  rotary  switch  sieps^^^^^^^ 
is  the  last  relay  in  the  aliotier  circuit  to  release.  All  of 
the  relays  of  the  aliotier  circuit  are  now  in  their  normal 
positions  and  can  be  ^sed  again  with  another 
lijiefirider.  The  contacts  of  relay  YS  function  as 
follows: 

a.  ^yiiacts  9-10  bperi  the  circuit  to  the  magnet  of 
rotary  switch  A.  The  rotary  switch  releases;  it  moves  its 
wipers  one  step  to  the  terminals  connected  to" the  next 
linefmder  circuit.  If  the  next  hnefinder  is  not  busy 
(ground  absent  from  the  G  lead — guard  lead),  the 
rotary'  switch  wipers  remain  connected  to  term i rials  of 
this  linefmder. 

h.  lf_  howeverj.  the  next  linefinder  is  busy,  ground 
on  the  G  lead  completes  the  operating  circuit  of  rotary 
switch  A.  Rotary  switch  A  operaies._iis  interrupter 
contacts  to  open  its  operating  circuit.  This  releases  the 


rotai^'  switch  and  allows  the  driving  pawl  to  riiove  the 
wipers  brie  step  to  the  terminals  of  the  nexi  linefinder: 
However,  when  there  is  a  ground  on  the  G  lead,  the 
\rotary  switch  continues  stepping  automatically  urilil  it 
gR^uniers  a  lihefirider  circuit  that  is  idle  (absence  of 
grourid  on  the  G  lead);  If  all  linefinders  are  busy,  relay 
FB  releases.  The  remaining  contacts  of  relay  YS  are  of 
no  impKDrtarice  at  this  tiriie. 

Exercises  (607): 

1.  Identify  the  devices  which  interact  with  the  XY 
switch  magnets  to  alternately  operate  relay  PA  in 
the  allotier. 


2.  Name  the  allbner  relays  that  are  temporarily  held 
bjjerated  after  the  operating  circuit  is  opened  so 
that  additional  connections  may  be  made  before 
the  relay  can  be  permitted  to  release: 


3.  List  the  devices  in  the  operating  circuit  for  rotary 
switch  A. 


608.  Using  fdidoiit  I'sJCY  diagratn,  determine  the 
actions  of  linefinder  components  and  the  circuits  for 
specified  circumstances  and  list  the  devices  in  the 
XY  tihefihder  release  tnaghel's  operating  circuit. 

Addltlpnal  Circuit  Actions.  We  have  rioted  that 
figure  [-3  indicated  that  relays  CO  and  SW  are 
operated;  it  also  shows  that  there  is  no  equipment 
connected  to  the  T  and  R  loop  of  the  calling  statiori 
wheri  relay  CO  is  operaied.  This  circuit  will  remain  in 
this  condition  until  the  call  is  completed.  Also,  until 
ground  is  removed  from  the  S  lead. 

Linefinder  release.  When  a  call  is  completed,  the 
telephone  user  replaces  the  handset  of  ihe  telephone 
bn  the  cradle.  This  opens  the  T  and  R  loop  to  the 
succeeding  equipment  (selector  or  connector);  The 
succeeding  equipjnent  releases  and  removes  ground 
from  the.  S  lead.  This  latter  action  releases  relays  SVN 
and  CO. 

Relay  SH'  relea.^es.  Relay  SW'  releases  and  its 
coritacts  furiction  as  follows: 

ci  Contacts  27-28:  29-30;  23-24;  and  25-26 open 
the  T.  R.  S.  and  HS  leads  between  the  line  circuit  and 
the  succeeding  ecjuipmerit  _ 

h:  Contacts  3  1-32  complete.a  circiiit  to  the  release 
magnet  (Z).  The.relea.se  reluy  (RA)  in  the  supervisory 
equipriierit  and  the  release  magnet  operate  in  series. 


Relay  RA  operates.  Reldy.  RA  (shelf  supervisory 
equipment)  qpehite^s  and  its  1-2  contacts  complete  a 
path  to  the  release  (RtS)  lamp.  The  RLS  lamp  lights 
after  a  timed  delay.  . 

Release  magnet  ope ra(es^  The  release  magnet 
operates   the   release  springs._It  also  provides 
mechanical  movements  necessaiy"to  restore  the  XY  ^ 
switch  to  nbmaL  Contact 

close  and  complete  a  circuit  from  ground  through 
terminals  15  of  the  circuit  plate  plug  arid  the  switch 
jack,  cpritacts  5-4  of  the  release  springs,  terminal  5  of 
•the  switch  jack  and  shelf  plug  to  the  bank  contact  (level 
A)  of  the  rotary  switch.  This  grourid  is  necessary  to 
keep  this  Imefih^er  marked  busy  in  order  to  prevent 
the  allotter  from  seizing  the  linefmder  while  it  is 
releasing.  _  i  j:_ 

When  the  release  magnet  operate,  the  Y  retaining 
pawl  is  disengaged  from  the  cog  roller  by  the  release 
armature  extension  arms,  and  the  cog  roller  returns  to 
Y  normal.  This  process  also  returns  the  T,  R,  S,  and 
HS^  wipers  to  normal  and  allows  the  Y  off-normal 
contacts  to  restore.  The  X  retaining  pawl  is  lifted  clear 
of  the  X  gear  sprocket  as  it  rotates  to  its  normal 
position:  During  its  return  to  normal,  it  slides  the  X 
rack  to  its  norma]  position.  It  al^  slides  the  cog  roller 
lb  X  normal,  fne  cog  roller,  returning  to  normal, 
allows  the  X  oft-normal  (X-ON)  springs  to  return  to 

their  urioperated  pbsiiiori.    L  l  ; 

_When  contacts  3-4  of  the  X-QN  spring^  break,  the 
circuit  to  the  release  magnet  (Z)  and  "  relay  RA  is 
opened,  thereby  releasing  both.  Relay  RA  releasf s  to 
open  thexircuit  to  lamp  RLS.  Rela}^  RA  also  opens 
ihejcircuft  to  the  common  supervisory  circuit.  _ 

Release  magnet  resror/s.  When  the  release  magnet 
.  restores,  contacts  4-5  of  the_  release  springs  break  to 
disconn!ect  ground  from  the  G  lead  of  the  rotary  switch 
banks.  The  linefinder  is  thus  no  longer  marked  busy., 
so  it  can  be  used  again  for  another  call. 


Exercises  (608): 

i :  List  the  devices  in  the  operating  circuit  of  the  XY 
iinefinder  release  magnet. 


2.  How  do  you  know  that  an  XY  linetlnder  switch 
has  failed  to  release? 


■     -  /  : 

condition,  determine  the  events  occarring  ajid  the 
connection  of  or  signal  used  in  each  such  sitiiatibti. 

Termiiiating  a  Cail  When  All  tinefinders  ire 
Busy.  Groand  through  contacts  11-12  of  relay  ST  in 
the  Iinefinder  circuit  is  multipjed  to  the  ATB  '^.^^_9^ 
all  linetlnder  circuits  served  by  both  allotter  A  arid 
allotter  B.  Thus,  when  a  Imetmder  is  seized  and  relay 
ST  in  the  Iinefinder  operates,  brie  grburid  connection 
is  rernbyiwi  ftqm  the  ATB  lead.  So  when  all  the 
iinetinders  are  busy,  all  grounds  are  removed  from  the 
ATB  lead.  Now  since  ground  bn  the  ATB  is  necessa 
to  complete  the  operating  circuits  of  relay  FB  in  both  ; 
allotters,  removal  of  ground  will  open  the  operating 
circuits  of  the  FB  relays  and  allbw  them  p  restore. 
Also,  when  relay  FB  restores  in  both  allotters,. contacts 
6-5  will  complete  a  circuit  to  the  ST  leads  of  the 
CO  rii mo  n  s u  pervi sbry  c i  rcu  i t.  P^.^ "  ^ ^ ^  ^^^^^ 
operates  relays  in  this  circuit  to  start  the  interrupter 
circuit.  The  latter  circuit  in  turn  provides  for  audible 
and  visible  alarriis  of  the  busy  condition.  The  commorr 
supervisory  relays  operate  about  2  minutes  after  the 
FB  relays  release.  These  things  follb>^: 

a.  Contacts  21^22  of  jhe  FB  relays  in  both  allotters 
connect  ground  from  contact  22^  to  the  JO 
interruptions  per  minute  start  ,  (IPM  ST)  leads.  The 
interrupter  circuit  will  supply^'lO  IPM  pulses  overahe 
10  IPM  lead  to  allotter  B.  The  LO  IPM_pulses  are  then 
supplied  to  the  ATB  metefr.  The. ATB  nieter  will 
register  each_time  it  receives  a  pulse  to  Indicate  the 
length  of  time  that  the  linefinder-busy  condition 
exists.  _  _  _:   : 

b.  Cpritacts  23-24  complete  the  FBT  circuit;  _but 
this  circuit  is  not  used  in  military  exchanges.  The 
remaihfKg  contacts  of  relay  FB  are  of  no  importance  at 
this  time. 

Exercises  (609): 
1.  All  Iinefinder^  are.  busy  in  an  XY  telephone 
switching  center  group.  At  this  time,  what  chain  of 
eveilts  is  started? 


2.  An  ATB  condition  exisS  in  an  X^^^entral  office. 
What  connection  and  signal  is  used  to  indicate  this 
condition? 


3.  What  type  actions  occur  during  an  XY  Iinefinder 
release  sequence? 


609^.  Given  typicai  situution:^  involving  XY  circuit 
activities  rollowing  an  all  linefinders  husy 


610.  Determine  XV  linennder-ullotter  components 
and  responses  when  a  linetinder  is  ftiund  t<i  he  in 
troable: 

Transferring  Allotter  (Trouhle  in  Linefinder).  A 

Iinefinder  is  considered  to  be  inoperative  or  faulty  if  it 
di)es  not  complete  its  linefinding  operation  within  a 
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specified  pcricxJ  .^t^Crf ime.*^^^ 
dUcj^nnej^^  iYi^'^^'Qj^xy^k^'Uoxn  ia  fauLi 
ibefmder%sj^^^  tcj coririt/ci  the, 

ajilottcr  / to'  a'  sUfc^wifFng^  idle,  4im 
f^0wiM  example from  a 
faulty  fihefmder^'i^j^^  ^  Iff  a -^ucccedihg 

lihcfinicr.  In  th^'^j^f^e  assume  that Jhc  cin^^ 
ailoitef  A  has  st^rrattp  function,  ^d  ftat^Uotter 
relays  A,  GDMl^^^  PA,  and  linefindcrxflay  ST 
have  opcraicd.  ^The  |in<^inder  shw^^  now  A>e;Steppmg 
in  the Jc  dir^^oa;  relay  PA  and  the  X  iriagnet  provide 
the  stepping  cifcuit,  further  a^ume  that  tl^  switch  is 
put  of  adjustment  and  will  hot  step  iWhi^X  d^^ 
tWsjs&ndip)n  will  result  in  the  interrupter  springs  not 
opening 

Rekiy  YD  opemes.  Relay  YD  prepar^  a  path  for 
operating  relay  PU  over  the  PU  lead  th^^ 
interrupter  circuit:  The  interrupter'circuit  applies  a 
grotind  pulse  to  ihe  PU  lead  about  every  6  seconds. 
Each  pulse  lasts  for  1/5  second  and  vC^enj^h is  g^^ 
pulse  app^rs  on  the  PU  lead;  relay  PU  operates.  ^ 

jR^/ay  ojEXT(2rel  ;Afiei^  thjs 
locks  up  through  its  own  contacts  7-9.  The  contacts  of 
reJay  PU  function  in  the  follo>yin^  mariner.  Contacts 
27-28  prepare  an  operating  path  for  rotary  switch  A: 
Contacts  5-6  open  the  circuit  to  relay  PA.  Contacts 
3-4  prepare  a  locking  circuit  for  relay  YD.  Coritacts 

25-  26  close  to  prepare  an  operating  circuit  for  relay 
AS.  \ 

Relay  AS  operates.  The  interrupter  circuit  supplies  a 
1  /Second  JroUjid  pulse  to  the  ECP  lead  about  ever>'  6 
seconds:  This  ground  pulse  appears  on  the  ECP  lead 
a|x)ut  5  72  seconds  after  the  ground  pulse 
ifed^  The£CP  ground  operates  relay^AS,  w^ch  locks 
u  Jthrough  its  qoniacis  9-?.  The  other  contacts  of  relay 
function  as  follows:  Coritacts  6-5  q^ri  the  circuit 
to  relay  PA.  RelaxPA  releases  and  opens  the  circuit  to  • 
the  X  magflet^  which  releases.  Cpitacts  21-22 
complete  the  locking  circuit  of  rejay  YD.  Should  relay 
YD  release  at  this  time;  it  would  open  the  circuit  to 
reiay  PU  tod*,5obh.  Contacts  1-2  complete  the  circuit 
to  rotary  switch  A.  (The  rotary  swhch  does  not  Jtioye^ 
its  wipers  until  it  releases:  Interrupter  springs  l^^^f 
the  rotary  switch  open  the  circuit  to  relay  GD. 
Contacts  1-2  of  released  relay  GD  open  the  operating 
circuit  to  relay  YD,  whichldues  not  release  as  its 
lo9king  circuit  is  still  coriipleted),  Coritacts  3-4 
prepare  a  circuit  for  operating  relay  TF  in  al lottery B: 
Contacts  23-24  extend  ground  through  the  transfer 
lamp  and  R4  to  the  group  through  the  trarisfer  larnp 
arid  R4  lb  the  group  supervisory  circuit: 'Contacts 

26-  25  and  28-27  breakjo  prevent  tjie  ground  from  the 
next  PU  pulse  from  i?^>erajing  relay  PU.^ 

Reloy  PlJ  rWf'a^c'.s.  At  this  time  the  ECP  grourid 
pulse  is  rerrioved  arid  relay  PU  releases:  Relay  PU 
opens  the  circuit  t(|^the  fotary  switch  and  relay  YD. 
Rotary  s<vitch  A  rjioves  its  wipers  to  the  next  idle 
linefmder.  arid  the  lihefinder-alloiier  again  starts  to 
function:  Relay  SA  remains  ^l^erated  because  the  AST 


lead  is  stiJI  grounded.  Contacts  21-22  of  relay  PU 
restore  and  prepare  a_circuit  to  r^Iay  TF  in  allotter  B. 
Relay  TP  in  allotter  B  will  riot  operate  until  the  riex^ 
ECP  pulse  to  allotter  B  is  applied  by  the  mterrupter 
ircuit,  about  5  seconds  after  relay  PU  releases. 
Second  Unefinder  faulry.  If  the  second  liriefi rider 
served  by  allotter  A  is  faulty,  the  §CP  pulse  operates 
relay  TF  in  allotter  B  The  contacts  of  relay  TF  will 
transfer  the  AST  leads  of  allotter  A  to  allotter  B. 
which  therj  serves  all  of  the  lines  in  the  llnefinder 
group:  ^  ^  -- 

Second  linefinder  ndr  faulry.  If  the  second  Hnefinder 
severed  by  allotted  A  is  not  faulty,  the  circuit  functions 
in  a  normaj^man^er:  When  Y  stepping  is  completed, 
relay  YS  opcriat«,  transferring  the  lockup  path  of  relay 
AS  frorii  its_  ca  wjndjhg  to  its  bd  winding:  The 
magnetic  field' created  by  the  bd  winding  opposes  the 
magnetic  field  bt  the  ca  winding,  releasing  the  relays 
Contacts  9-7  pf  relay  AS  open  the  circuit  to  the  bd 
winding,  preventing  rfelay  AS  from  reoperating.;  Relay 
AS  restores  and  allows  the  emergency  .stepping  circuit 
^tb  restore  to  normal.  Ground  is  removed  from  the  DA 
lead^eiay  TF  in  allbtter  B  is  disconnected  from  the 
ECP  lead  of  allotter  and  the  PU  lead  of  allotter  A  is 
reconnected  to  the  relay  PU: 
J  Emergency  allotter  transfer  takes  place  when,  for 
example,  allotter  A  encbiiritere  two  raUUy  Mnefinders 
ill  succession:  When  this  condition  exists;j*elay  TF  in 
allotter  B  opera t^  from  ground  on  the  ECP  lead  arid 
closes  its  owri  hb Id irij  circuit.  The  operated  relay  TF 
holding  circuit  is  the  same  as  that  just  described 
through  terminal  17.  But  the  ground  is  now 
trarisferred  to  the  J  M  3  contacts  of  relay  TF  The 
ECP  pulse  which  operates  reiay  TF  is  described  later. 

The  contacts  of  relay  TF  functibri  as  follbws: 
Coritacts  28-29  transfer  the  ST- A  lead  from  relay  SA 
of  allotter  A  to  relay  SA  of  allotter  B.  This  action 
opens  the  circuit  to  relay  SA  in  allotter  A,  releasing  it. 
Relay  SA  bperis  the  circuit  t^o  relay  GD,  and  the  relays 
of  allotter  A  restore  to  norraaL  Contacts  3-4,  5-_6.  7-8, 
23-24,  and  21-22  of  relav  TF  transfer  the  AST  leads 
of  the  odd  levels  from  the  ><  bank  to  the  XX  bank:  The 
transferred  allotter  has  its  transfer  lamp  lit  through  the 
contacts  of  relay  AS,  and  the  supervisory  circuit  gives 
ari  ^riti.  At  this  time  allotter  B  serves  all  stations 
cpniiected  to  the  linefmder  banks  with  which  it  is 
CO n  n ected .  A I  lo tte r  A  wou  I d  f u rict i o n  i n  t he  sa me 
rtlanrier  if  allotter  B  should  fail  and  if  relay  TF  in 
allotter  A  had  operated. 

If,  after  allotter  trarisfer.  the  wbrkirig  allbner  rtlee^ts 
two  linefiriders  in  succession  jhat  are  not  working;  the 
working  allotter  will  not  attempt  to  transfer  back  to 
the  allotter  out  of  service.  It  will  instead  coritirtue 
stepping  until  a  good,  idle  linefinder  is  found.  An 
allotter  that  has  transferred  may  be  put  back  into 
service  by  hiariuaHy  operatirig  its  BSY  arid  RST 
switch.  This  operation  removes  ground  from  the 
holding  circuit  of  relay  AS.  which  restores  and  opens 
the  operating  circuit  ()f  relay  TF  in  the  working 
allotter:  Both  allotters  are  returned  to  their  normal 
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cbhditibhs  and  are  available  to  serve  calls  coming 
from  the  levels  they  ndrmaiiy  serve: 

Exercises  C610>: 
1 .  identify  the  X Y  alloiier  trouble  transfer  relays: 


2;  What  XY  linefmder  elements  are  transterred 
following  a  switch  having  stepped  to  two  faulty 
lihcfinders  in  succession? 


611.  Name  XY  lihefihder^alldtter  cdmpd  aiid 
actions  thai  fbilow  an  allotter  failure. 

Tralisfe^rii^  Allotter  (Trouble  in  Alloltcr).  If 

trouble  should  exist  in  an  aiiotter  and  a  call  is 
originated  t?y  operation  of  a  line  circuit,  the  liheflnder- 
allotter  wUl  ftyiaio^  as  follow^.  Assuming  that  AN 
odd-numbered  line  circuit  originates  the_  call, 
supplying  ground  over  the  AST  lead v  relay  SA  in 
aiiotter  A  will  operate.  Normally,  relay  SA  cornpleiK 
a  circuit  to  relay  GD.  In  this  example,  assume  that 
relay  GP  does  riot  operate  because  of  dirty  contacts  of 
relay  SA.  Sijicc  relay  GD  does  not  operate,  the 
remaining  functions  of  the  linefinder-allotter  circuit 
cannot  be  completed,  and  the  allotter  circuit  will 
function  as  described  below:  # 

Relay  PV  operates.  The  first  ground  pulse  supplied 
by  the  iritcrryijter  circuit  cximplw 
PU,  dperating  it:  The  contacts  of  relay  PU  poform  the 
following  functions:  Contacts  9-7  make  before  8-7 
break  to  coriroletc  a  holding  dr^ 
Contacts  27-29  prepare  a  circuit  to  rotary  switch.  A. 
Co niacts  25-2j5^corinect  to  ca  winding  of  relay  AS  to 
the  ECP  l<»d._    _   

Retay  /tS  operates.  About  5  Vj  seconds  after  the  PU 
ground  pufe  the  iritcrhiptir  supplies  a  grburid  pulse 
over  the  ECP  Icad^to  opcfatc  relay  AS:  The  contacts 
of  relay  AS  perform  the  following  functions;  Contacts 
7-9  make  before  8-9  break  to  complete  a  hqldirig 
circuit  to  relay  AS.  Contacts  1-2  complete  a  circuit  to 
rotary  switch  A.  However,  rotaiy  switch  A  docs  not 
move  its  wipers  uritil  it  releases.  Contacts Ji9-^^ 
before  27-28  break  to  tnmsfcr  the  holding  circuit  to 
relay  PLJ  to  the  ground  supplied  by  the  ECP  pulse. 
Relay  PU  will  release  up>n  cornglctioh  of  the  ECP 
pulse.  Contacts  25-26  break  to  prevent  the  next  PB 
pulse  from  ^mpleting  another  operating  circuit  to 
relay  PU.  Contacts  23-24  prepare  a  circuit  to  the 
transfer  lamp:  Cdhtacts  3-4  prepare  a  circuit  to  relay 
TFJn  allQiter  B. 

Relay  PV  re/<?as«._At  the  completion  of  the  ECP 
pulse,  relay  AS  remains  operated  and  relay  PU 
releases.  The  contacts  of  relay  PU  perform  the 
following  functions:  Contacts  27-28  open  the  circuit 
to  the  rotary  switch,  aiiowing  it  to  step  to  the  next  idle 


liriefirider.  Coritacts  21-22  further  prepare  the  circuit 
to  relay  TF  in  aiiotter  B.        -  ' 

_  Relay  TF  injalloner  B  operates.  Aho^  j6_  seconds 
after  the  first  ECP  grblind  pulse,  aribther  ECP  ground 
pulse  is  provided  by  the  interrupter  circuif:  This 
second  pulse  o|?erates  relay  TF,  Relay  TF  functions  as 
explained  earlier.  \ 

Retay  SA^eieases.  Relay  SA  release  after  relay  TF 
operates,  ano  its  .4-3  contacts  open  the  circuit  to  the 
emergericy  start  fail  lamp.  iRelay  AS  remains  locked  up 
to  contacts  of  the  busy  and  r«et  switch.  Its  operated 
contacts  24-23  keep  a  circuit  complctwi  to  the  transfer 
lamp,  which  remains  lit  as  an  indidation  of  the  allotter 
transfer  condition:  Aiiotter  B  will  handle  all  calls  until 
the  trouble  coh^dition  is  cleared  or  until  the  busy  arid 
reset  switch  is  operated  arid  riwtored  to  normi^ 
tmrisf erring  calls  back  to  ailotte^A: 

Exercises  (511): 

1:  When  trouble  develops  in  aiiotter  A,  what  relay 
transfers  the  AST  leads  to  the  second  allotter? 


2.  What^  Indicatidri  do  you  have  that  one  allotter  is 
serving  ail  iinefinders? 


3.  Name  the  comj3onent(s)   that  provide  this 
indication. 


1-3*  Troubleshooting  the  Lineifinder 

The  irbubleshdbtirig  priricipl«  presented  iti ,  the 
preceding  volumesjire  also  useful  when  locating  X Y 
s>^tem  problems.  Hence;  you  know  that  a  trouble 
ex4sis  t^BcaUsc  sympto  ^^yllX^cqridititHt. 
'You  isolate  the  trouble  area  by  inspcaing  and 
operating  the  ^uipmerit  and  thiriking  about  possible 
PX^^  J[*^^^  elirilmatc  (torn  suspicion 

those  components  that -are  working.  Then,  you  test  the 
suspect^  circuiti[s)  arid  devices  and  again  eliminate 
those  that  arc  good.  . 

We  wiii  now  look  again  at  a  s^ample  trouble 
syriiptorii  arid  identify  probable  defective  cbmpbnc?rits. 

6i2*  Given  \Y  telephone  equipment  trouble 
symptbiiiSv  lise  fdldout  I's  i(:lieniatjc  diagrairis  as 
necessary  to  Identify  probabie  troabie(s)  and  state 
the  proper  corrective  procedures. 


Assume  that  the  trouble  is  identified  as  noisy 
transmission  reported  by  several  subscribers  in  one 
grbup.  Ybu  shbiild  think  "What  part  of  the  cguiprncrit 
could  cause  this  condition?**  and  ''Is  it  an  individual 
unit  failure  or  a  common  equipment  failure?** 


12 


4  You  should  realize  that  the  most  pfobaW  for 
this  symptqm  is  the  drop  wire  at  the  subscriber's 
teiepHone.  However;  this  trouble  wdiilid  affect  only 
that  one  telephone.  In  the  atove  example.  itiore  than 
one  sdbscribcr  in  one  graap  reported  the  difficult}'. 
Since  we  know  that  his  condition  is  caused  by  a  poor 
cohnectibn .  we  can  look  at  textjlgure  1  -  3  and  see  xhat 
the  iine  circuit  can  not  be  mechanically  at_fault, 
because  it  has  ho  such  connections.  In  the  linerinder» 
however,  you  can  see  that  the  T  &  R  wipers  and  the 
27  and  28  and  29  and  3Q  contacts  of  relay  SW  are 
probable  dcyi^,  which  if  dirty »  would  cause  a  poor 
ODrincction.  Of  cx^^  dirty  connections  in  the 

selector  and  connector  could  give  the  same  trouble 
syinplom. 

Since  are  studying  finders  in  this  chaptCT,  you 
would  correct  the  trouble  by»  first,  iisolating  the 
Hnefinder  in  .the,::^oup  that  has  dirty  contacts.  An 


inspection  is  probably  the  best  method  for  doing  this. 
Then,  you  would  burnish  the  pontacts  for  that 
particular  linefirider. 

    f 

Exercises  (612): 

Use  foldout  1  *and  the\ext  iriformatibri  to  determine  a 
probable  trouble  for  each  of  the  following  reported 
trouble  symptoms.  Identify  an  appropriate  corrective 
action  for  each. 

1 .  The  subscriber  reports  no  dial  tone.  No  other 
similar  report  has  been  received. 


2.  Linefinder  has  failed  to  switch  through  to 
succeeding  equipment. 


4  ':.' 4 
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AFTER  THE  liriefindcr  has  cdnriected  the  sutecf iber 
line  tO/a  selector,  it  is  time  for  him  to  dial  a  number. 
The^lector  jn  an  XY  switching  center  compares  with 
the  Step-by-Step  selector  in  that  it js  a  semia^^ 
switch.  It  is  seized  without  a  number  having  been 
dialed.  Now,  its  relays  arc  r^dy  to  rccfcivc  the  pulses 
provided  by  $c  first  dialed  dig^^^ 

We  wiH  fiSst  ffeview  types  of  selectors,  a  selector 
circuit  principle,  and  then  will  describe  selector 
circuit  operations.  Lastly,  this  chajjtcf  will  p^ 
example  trouble  symptom  and  probable  troubles  that 
could  cause  that  symptom.^  ^ 

_  _     _      •   1  __: —  > 

2-1.  Types  of  Selectors 

You  have  learned  that  when  more  th^p  1 00 
telephone  lines  arc  mstalled,  selectors  are  installed  so 
that  each  selector  can  serve  ^  ccruin  group  of  100 
tclcphbna.  Figure  1- 1  illustrates  the*asic  XY  selcctiDr 
system.  Accordingly,  a  lincfii^der  connects  with  a 
selector  an^  each  selector's  wipers  moves  over  ten 
levels.  Each  of  those  levels  connects  with  a  group  of 


c^rijlcabjre.  pf^(X)urse,  sdectdrs  hay^^  and 
special  requirements  to  perform  the  specific  tasks. 


613,  tJj^g  figures  2-1,  2-2,  and  2-3  as  required, 
gi^  two  general  requirements  of  XY  selectors  and 
the  reason  subscribers  should  not  dial  two 
cojisecutive  niinibers  too  rapjdly,  and  identilFy  tliree 
selector  types.  \  ' 

*  .  .     _'  *_         _  _ 

General  .Requirements  for  Selector  Equipment. 
Selectors  arc  shar^  }^  a 

diagram  ttmt  shows  selector  sharing.  You  can  sec  in 
this  figure  that  the  ten  selector  bank  levels  can  be 
reached  by  both  of  the  selectors.  Thus,  both  selectors^ 
can  connect  with  thc"^  200  and  700  groups  of 
conncctprs.  Jlcmcmber,  we  arc  shbwihg  only  the  200 
and  700  connector  grou|K,  although  there  arc  also 
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Figure  2-1  >  Ba|ic  selector  system. 


Figure  2-2.  XY  selector  sharing  (representative). 
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JPQ' :?P0,  400.  etc  g^^  To  get*  the 

200  connector  g^'oap;  the  satecriber  dials  a  2: 

Ah  XY  selector  may  rttljuire  several "  huhdred 
miiiiS5cbnds  to  ^sarch  over  the  ten  levels,  cnpge  the 
idle  connector,  and  connect  the  poising  leads  to  it: 
Most  of  this  lime  is  taken  up  ifMnovihg  the  wipers 
acro^  the  bank  wir«.  T  speed  of  ^hc  switch 

is  about  40  steps  per  second;  Look  now  at  text  figure 
2-3  as  we  consider  the  XY  selector's  operation  in 
S^^^cr  detail.  Aj^i^a^^^  dialed  digit  is  2. 

The  selector  X-carriage  moved  the  T;  R,  S"»  and  HS 
wipers  to  the  second  Icvc!  of  the  bank  following  this 
action.  As  jwjl  as  the  dial  pulses  c^i^  for  the  X 
direction  stepping,  the  selector  searches  the  10 
possible  paths  (by  moving  in  the  Y  dircclign)  in  ah 
attempt  to  Iq^te  an  idle  a>nne^  in  the  200  |rbup. 
Asjhe  Y  OTriage  steps  along  tiic^  second  level,  ite 
wij:^  search  for  ah  idle  line.  It  repeats  this  procedure 
yiiti^l  an  idle  line  is^^  of  until  it  sti^ past  tfe  trath 
set  of  contacts:  When,  asjn  this  last  situation,  no  idle 
lin^  is  available,  busy  tone  is  sent  to  the  calling 
I^^Jcp^M^nc  as  the  sssitch  steps  irii  the  eleventh* 
position:  Note:  tlie  eleventh  position  is  not  shown  in 
thcjcjtt  figure.  Should  an  idle  line  be  locatwi  oh  the 
levcf^archwi,  th  conp'^ 
poising  leads  to  the  connector  for  completion  of  the 
can.  This  selector  then  remains  in  position  (in  use)  for 
the  dufatidn  of  the  call.  Since  any^dfjhe  c^^^ 
associated  with  a  particular  hundreds  group  can  locate 
any  line  in  that  hundreds  group,  it  makes  no  difference 
on  which  level  a  sclw^tor  fmds^m  idle  j»nncctdf. 

Selector  Provisions.  As  additional  groups  of  lilies 
arc  added  at>ovc  lOOO''lincs.  additional  selection  of 
gfqu^  of  1  poo  lines  iifiust^^^  ipade.  This  second 
process  of  groupselection  is  don^e  by  second  selectors. 
A  system  with  100,000  lines  requires  third  selectors. 

In  add itidn  jd  connccti ng  the  groups  of _sii9?^i^i?8 
switches  with'm  the  exchange,  certain  selector  levels 
enable  subscribers  to  dial  directly  to  another  exchange 
and  detain  an  dpcratdr  when  the  distant  exchange  is 
manxxally  opc^rated  or  is  a  toll  board,  individual 
trunks,^ when  distributed  to  the  selector  banks  in  the 
lame  manner  as  are  the  connectors  shown  in  figure 
2-3^  do  not  permit  the  use  of  the  same  selector  level  for 
both  outgoing  trunks  and  con nec tors.  Ihcbrhihg  trunks  « 
In  an  XY  office  give  acc«s  to  individual  incoming 
selectors,  or  they  are  terminated  on  line  circuits  in  the 
sarric  rriaririer  as  are  subscriber  lines.  Two-way  trunks 
appear  in  selector  banks  for  outgoing  service  and  at 
incoming  selectors  for  incoming  service.  Selector 
banks  are  alM)  used  to  JJrdvide  access^  for  ihiercepi 
service,  reverting  call,  or  other  special  services:  Digit 
canceling  selectors  provide  another  example  of  how 
XY  system  service  is  fUrrii^hcd^  In  thi  a  dialed 

digit  may  be  absorbed:  and  the  second  dialed  digit 
progresses  the  call  to  the  succeeding  equipment. 

Exercises  (613): 
1 .  What  requirement  or  cohricciirig  method  provides 
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Page  39A  has  been  omitted  but  all  materials  are  present. 


that  ajl_  selectors  xan 
connector? 


access  more  than  one 


3. 


When  a  selector  has  indicated  to  the  subscriber 
that  he  is  connected  with  it,  what  must  he  do 
further  operate  the  equipment? 


Why  shouidh't  a^ subscriber  dial  two  consecutive 
numbers  at  a  very  raffid  pace? 


4.  Identify  three  types  of  selectors. 
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Figure  2.4  Abscnct'ot-ground  i«carchin^. 
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,  2-2,  Selector  Circuit  Operation 

The  purpose  of  the  selector  is  to  single  out  a  group 
ot  circuits  under  the  control  of  the  dial  and  then  to 
hunt  automaticaily  for  ah  idle  path  to  that  group. 

/  \  

614,  tqncermng  a  circuit  operational  principle 
-relaied  to  al^nce  of  ground  searchiiig  and  a  jM'ocess 
whereby  XY  selector  equipinent  accomplishes  itj 
and  fsing  figure  2-4  as  necessary,  identify  the 
potential  at  a  bank  sleeve  preventing  XY  se^^^ 
stepping,  the  TacR»r  tnaiuhg  ah  XY  selector  swilch 
step  in  the  X  direction^  and  whatever  keeps  relay  SW 
jfrom  operating  Until  Y  direction  stepping  ends,  and 
determine  the  selector  S«-lead  potential .  and  its- 
soarce.  ,  \ 

A  Circuit  Sinciple,  Absence  of  ground  searching 
is  used  jvhcn  hunting  for  idle  equipment  in  a  given 
group.*^ Text  figure  2-4  may  be  used  to  consider  this 
principle.  Jn  this  illustration,  the  first  four  slccv«  are 
shown  to  "be  busy  i^ourided).  The  condition  of 
circuit  shown  is  that  existing  after  the  X  digit  has  been 
dialed  and  the  selector  has  been  prepared  for  searching 
the  selected  level  for  eitHcr  an  idle  trunk  or  an  idle 
connector.  Successful  operation  of  the  circuit  depends 
upon  the  ateence  of  ground  oh  the  sleeve  bafik.  The 
absence  of  ground  on  a  sleeve  bank  conQct  indicates 
an  jdlc  .path  or  equipment,  and  the  selector  will  be 
stopped  from  further  search,  rcmairiirig  on  that  contact 
until  the  cbmplctidn  of  the  call.  \ 

The  bpcratibh  of  the  circuit  shovm  in  fifure 
as  follows:  Relsisw  of  relay  XD,  after  completion  of 
the  diaicd  (X  direction)  digit  stepping,  operat«  the 
hunt  assist  relay  HA  through  the  Y  bff.noiro^^  f^-ON) 
contacts.  Relay  HA  operates  the  Y  magnet,  which 
advanc«  the  Y_  carriage  arid  wipers  one  step,  thus 
opening  the  Y-ON  contacts.  TTic^HA  ^^ 
by  a  circuit  throu^  the  Y  interrupter  contacts  of  the 
XY  switch.  J^clay  HA,  therefore,  dcK»  hot  rcmairi 
operated  aflcr  the  YJntciTO  open.  As  the 

siccvc  wiper  advances,  it  prepares  to  tOit  the  first  set  ot 
contacts  in  the  sleeve' bank  to  determine  whether  or 
not  the  circuit  js  busy.  The  ground  which  operates 
relay  HA  prevents  the  operation  of  relay  SW.  When 
the  Y  magnet  operates,  its  interrupter  cohtacts_b^ 
the  drcuitof  rc|ay  HA,  relasing  HA^  It  also  removes 
the  ground  conncciioji  which  opcratwl  the  Y  magnet. 
The  Y  magnet,  therefore,  returns  to  nbmal  p^ 
The  siccvc  wiper  is  now  in  position  to  test  the  circuit. 
If  thia  c^cuit  is  grounded;  as  a  r«ult  of  being  busy, 
relay  HA  is  rebpcrated  while  the  swit^^ 
SW  is  prevented  from  operating:  One  of  these  grounds 
(shunt  conncaions)  originates  at  the  contacts  of  relay 
RD,  while  the  other  ground  is  at  the  siccvc  bank.  The 
operation  of  relay  HA  operates  the  Y  magnet.  A 
ground  on  the  S-lcad  from  the  lincfiridcr  pievcrits  the 
^p«ration  of  relay  SW  during  time  the  stepping  of 
thc^XY  switch  in  the  Y  direction  along  the  bank  level 
takcf  place.  The  operation  of  the  Y  magnet  opens  the 
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^J"l'^P>iP^^r"^"^^'  ^iiowing  rciay^flA  lo  n&lease; 
which  in  turn  releases  the  Y  magnet.  Release  of  relay 
HA  removes  the  ground  from  the  S  wi]>rt;  Und  the 
wiper  steps  again.  Thus  rcUay  HA  rcoperates,  and  the 
wipers  advance  whenever  the  circuil  is  busy,  bcqause 
of  the  ground  oh  the  S  wiper.  W^en  the  S  N^iper 
chcbuhicrsra  slSeve  bank  contact  which  is  not 
•grounded;  relay  SW  operates  in  series  with  relay  HA, 
because  relay  SW  is  hd  longer  shunted  by  ^rbiond  on 
the  S  wagrr.  The  operation  of  relay  SW  completes  the 
path  to  the  succeeding  switch  for  the  tip  jfTii  ring  (Rj; 
sleeve  (S),  and  helping  sleeve  (HS)  leads.  When  the 
succcttiing  ciroii^perates,  it  basis  the  bank  contacts 
seized  by  this  sel«nor.  The  sleeve  grqund  rctum«i  by 
the  succeeding  circuit  holds  relay  SW  oj>craied  in 
^ics  with  relay  HA,  which  does  not  oper^e,  because 
^^of  its  low  resistance.  <f 

£xer<fises  (614): 

1.  What  potential  at  a  bank  sleeve  ^)rcvenis  an  XY 
selector  from' stepping? 


2-  What  causes  an  X  Y  selector  switch  to  step  in  the  X 
direction? 


3.  ibsing  text  ngure*2-4,  detern^e  both  the  pote^^^^^^ 
on  the  selector  S  lead  and  where  it  comes  from. 


\ 

4.  What  prevents  rblay  SW'  from  opcirating 
directioli  stepping  is  completed? 


61Sv  jUsihg  foldbut  2's  XY  selector  'diagram, 
identify  oMistequJpm  that  is  seized  foliowing  y 
call  origiiratiori  and  compare  X  and  Y  direction 
stepping  requirements  for  an  XY  system  selector. 

Seizure  of  Nondigit  Canceling  Selector  Switch. 

Use  the  schematic  diagram  given  in  foidoui  2  to  trace 
this  circuit  operation.  Some  of (tl^e  parts  of  the  XY 
switch,  such  as  contact  7  of  the  X  ofi-normal  springs 
,  and  the  lead  to  terminal  contact  31  in  the  switch  jack, 
arc  riot  used  in  selector  operation  However,  since  this 
wiring  appears,  m  ihe  XY  switch  at  ail  times,  it  is 
shown  in  Toidout  2  (found  in  a  separate  inclosure) 
even  when  the  contact  "S  1  oi  the  circuit  plme  plug  is  left 
blank  m  the  schematic  for  this  selector  Note  also  that 
the  X  magnet  interrupter  spuhg  contacts  1-2  are  w4rccl 
to  contacts  12  unci  1!^  of  the  switch' jack,  b<ui\)o 
connection  ls  shown  at  the  terminals  of  ihar  circurj 
plate  plug  The  interruptei  spring  contacts  />!  the  X 


magnet  are  ngj  used"  in  the  ^lector,  because  the  X 
direction  motion  U  CSDnt^rotled  by  the  dial  ptiises;  The 
Y  magnet  interrupter  spring  contacts  1-2  are  .shown 
wired  lb  contacts  17  and  1 1  of  the  switch  jac^ 
fbrddut  2.  Th^  contacts  of  the  XY  swUch  are 
necessary  in  the  selector  circuit,  because  the  switch 
fnust  s^rch  in  the  Y  direction  for  an  idle  path  to  the 
group  selected  ]?y  the  dial  controlled  X  direction 
steppingof  the  same  switch.  The. contacts  17  and  U  of 
the  circdir  plate  plug  are,  therefore,  wired  to  provide 
power  connection  for  automatic  stepping  of  ^hunting 
action.  These  step-by-jstep  dial  controlled  or  automatic 
stepping  actions  are  d^ribcd  in  this  section. 

The  ridhdigit-canccling  seleaor  circuit  seizes  the 
sclcaor  when  relay  CB,  shown  in  foldoui  2,  operates. 
The  circuit  to  relay  CB  (c^ing  bridge)  is  from  the 
User's  tclcphdnej)vcr  the  T  and  R  loop  through  the 
preceding  equipment  lo  the  windings  pf  relay  C_B. 
^  Relay  CB  operates.  The  4-5  contacts  of  relay  CB  are 
pulsirij  contacts,  following  the  dial  pulses  of  the: 
calling  telephone.  VVTien  contacts  J -2  close,  they 
complete  a  circuit  to  the  monitor  CM  ON)  lamp,  which 
glows  brijhtlyv  The  lighted  lamp" 'indicates  to 
maintenance  personnel  that  the  circuit  is  seized  and  is 
ready  to  be  used.  This  monitor  SLipcrvisot^  '(?^^ 

canneaed'  to  ^he  shelf  supervisor) 
equipment,  and  tljen  in  multiple  with  other  MSR  leads 
to  the  row  of  supervisory  <^uipment.  Cbn^^^^^ 
operated  relay  CB  complete  the  operating  circuit  foe 
relays  REf*tfelease  delay)  and  XD  CX  direction).' 
^  Relay  RD  operates.  Rcla)'  Rp  oj:^ratcs  five  s^is  of 
contacts  to  close  or  op>cn  circuits  as  described  m  the 
foliowing  paragraphs: 

a:  Cbhtacis  5-6  cbmpleic  a  circuit  from  ground 
through  the  busy  switch  to  the  S  lead.  This  circuit,  a 
part  of  which  is  shown  in  fpldput  2,  keeps  the 
preceding  equipment  operated.  The  5-6  contacts 
perform  other  functions  which  will  be  described  later. 

h.  Contacts  21-22  complete  a  circuil  between  the  S 
wiper  and  the  winding  terminal  of  relay  HA^fhuni 
assist)  to  prepare  for  stepping  the  XY  switch  wipors 
automatically  in  the  Y  direction  to  locate  an  idle^ 
trunk. - 

c.  Contacts  3-4  supply  ground^  over  t^e  STl  (start 
1 )  lead,  to  the  common  supervisory  equipment,  which 
supplies  tone  and  ringing  current. 

d.  Contacts  1-2  prepare  an  alternate  circuit  i()r 
Operating  relay  XD  after  the  first  step  in  the  X 
direction,  and  on  each  succeeciing  step,  until  stepping 
the  X  direction  has  been  complcteti 

c  Contacts  24-23  break  to  opcn\the  circuit  of  ifie 
release  (7.)  magnet  and  prevent  its  ojfvcration  after  the 
X  off -normal  contacts  3-4  connect^ the  Z  macnet 
circuit  as  they  operate  during  the  first  X  direction  step 

Ri'Un  XI)  lipt'nihs  1  he  contacts  (>f  .ttlay  XI)  niake 
or  break  five  circuit  connections  as  (lescri>t>cci  \\\  ihe 
following  paragraphs  . 

a  C  ontacts  2*^  2^  niakc  before  contacts  24  f  ^ 
bVeak  t(»  tnamtairt  the  operating  ciicuit  lor  re)a\  (  \\ 


When  this  selector  most  supply 'tone,  the  circuit  of  3.  identify  the  relay  contacts  that  connect«dial  tone 

relay  CB  will. be  cxicndttJ  to  ground  through  the. dial  *        to  the  calling  telephone  line. 

tbric  cbii  in  the  shelf  sujjcmsbfy  cquip^^^^  > 

telephone  user  wiil  hear  dial  tone:  If  dial  tone  is  ndt 

requirai, aground  for  relay  CB  is  supplied  through  » 

tcnniri^I  30  of  the  sfelf  plug.  (For  an  of  this. .  ,                     '                    ^/  ' 

2.)         V                                                   .  616.  Usingfigiire         XY  selcctM^^ 

b.  Contacts  2  2  -  2  i  break  to  prcvcn  i  re  lay ,  HA  fro  rh  coip  poSc  nts  or  c  i  rciii  t  cond  i  t  i  biis  t  hat  pro  v  i  de  X 

operating  premaiureiy  imniodiatdy  after  the  X  off-  directioh  stepping  aiid  "^^nj^^Jy  circuit 

normal  spring  contacts  operate  on  the  first  X  dircctioti  devices  whicl|  operate  sd^rnately  to  step  the  XY  . 

step.  _           _    V  switch  ih  the  X  direct'^am,,^ 

c  Contacts  3-4  break  to  pi^cnt  relay  1^  from  _            _              '    _                  •  , 

operating  daring  con tinucd.X  direction  sieppmg  when'  X  Direction  Stepping  of  XY  Switch.  At  this  pomt 

F  wiring  connection  js  in  use,  as  is  shown  in  foldout  2.  ihc  switch  has  been  seized  by  the  operation  of  relays 

d.  Contacts  I -2  close  toj>repaLr^  ^i?.^  XD;  the  circuit  ^of  :  the- X  magn 

magnet  The  final  closing  of  the  circuit  to_the  X  prepared:  and  the  telephone  user  receives  dial  tone, 

magnet  is  complctwl  by  the  release  of  relay  CB.  The  switch  t§  thus  prepared  foi-  stepping  in  the  X 

,   .  '        ^      .  direction  under  thc2  control  of 

Ekerches  (615):       •   -  \  telephone  ^  TeJCt  figure  2-5  is  a  simplified  scl^tor 

1 .  Compare  the  requirements  for  x  'and  V  direq.on  ^  ^  diagram  that^  shows  the  pperating  circuits  for  these 

stepS  of  an  XY  system  selector.  th^rt*  relays.  In  addition/ you  can  trace  the  X. 

operating  Circuit  and  .o^ennine  that  its  circuit  is 
complete  following  release  of  relay  CB.  Further,  you 
can  trace  from  the  tone  transformer  conneaion  |o  the 

2;  Specify  the  XY  selector  cbSponents  that  operate  -  ''P  »^  linefinder.-. 
during  seizure  of  the  circuit. 


X  direction  stepping  occurs  when  the  pulse  springs 
of  the  dial  break  to  opcrt  the  T  and  R  loop  to  release 
relay  CB:  .  ,  .  : 
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^  Relay  CB  releases  The  released  CB  rclav  does,  the 

ToPlowing:       1         .  ;       .   ^ 

•  Contacts  i-4;^^^td  extinguish  the  M ON  lamp. 
Contacts  4-5  open  the  circuit  t^elays  RD  ^d  XD. 
Siqw- lb -re lease  relay  RD  remafcs  opera  (during  the 
stiTOirig-prbc^  has 'an  addiiionai 

^irCo<i  through  winding  ca  coftipietcd  by  qbnpacts  4-3 
of  r<%  CB  {     '      '      :  ^  ■ 

IX  nu^net  opervt^  pi^rSXxon  X  maplCl 

moves  the  ^witch  wipers  one  step  in  the  X  direction  / 
"hic  X  bff-nbnnal  springs  operate  during  this  first  stcp^ 
ai)4. <^ntacts  1-2  open  the  circu it  lo  the  bd  wi n di ng  of; 
relay  S^D:  At  about  the  same  time  that  ttic  X  map)ei 
completed  this  first  step,  thfc  diaLjHilse  spring  close 
agkiri  Ifccrbss  tjK  Ta^   R  iopp,  oompleiing  the  circuit 
for jftiay  CB.' V  .:    .  y,.  .'  y-.;^'.!  .."      -    \  _. 
'    ,  Rec^atioi;i  af  reiay  Cfi.  Af^cr^^c  fii^t  jrtep  in  the  X . 
direciibn.  rcla^'  CB  *mp^^  the  MON 

lamp  at  contacts  r^2v  reenergizes  relay  RJD  by  closing 
.  cortiacis  4-5  (relay  RD  remains ;  operate^  during 
pulsinj;^  bccaii^  it  is^a  jJdw-iorcel(£a^  t^^  opens 
the  circutt  to  the.X  nl^^t^cl^asc^,  and  prepares  ;to 
stcp'thc  switch  Svipcrs  further'.      \    '  _  i  ^ 

Relay  CB  retec^  for  iHe  second  rime:  As  thfc  di^il 
pulse  springs  open  for  ' a  second  pulse,  relay  CB^ 
.  rejcascs  tb  r«)pcn  th^ circuit  f9r  relay  RD  and  to  again 
cqrypletc  the  circuU^  "1^^  at  cotltacis  4-3  " 

The  Wipers  are  now  -  mo  vi^  another  step  in  the  X 
dircciiqh  put  again  the  dial  pulse  springs  close,  arid 
relay  CB  is  reericrglzcii 

Continued  X  direction  stepping  This  inlcractibn  of, 
the.  dial  pulse  springs,  the  X ,  magnet;  arid  _rela>  CB  - 
cohiiriues  untiKthe  X  direction  stepping  is  completed: 
The  switch  wipers  are  stepped  one  step  for  each  dial 
pulse  until  the  last  pulse  of  the  digit  is  cbriipletcd.  At 
this  time,  there  is  a  dial  pause,  daring  which  relay  CB 
remains  operated  for  a  longer  period  of  time  than 
during  the  time  for  brie  pulse.  During  the  dial^use. 
relay  XD  releases,  preparing  the  sWitch  for  stepping 
the  wipers  in  'the  Y  direcuon. 


Exercises  (616): 

I  Identify  the  two  devices  in  the  selector  circuiT 
which  alternately  operate  to  step  the  XY  switch  i;^ 
the  X  direct U)ri^ 


2  Name  an  XY  system  componjn^l  that  cari  be 
observed  to  determine  whether  (frtjbi  a  selector  is 
stepping 


V  What  potential  is  at  the  X  magnet  wmdmg  at  all 
Unics  and  tell  where  it  cofTics  from  '  . 


617.,  Using  figure  2^6's  XY  selector  diagnuns 
ali;Cptiljp<>nem«.or  identih  flll  circuit  conditions  that 
provide  V  direcfion  ^tegping. 

_V  Difeclfcon  Stepping  of  XY  Switch.  Y  direction 
stepping  starts  with  the  control  relays  in  the  fpllgwirig 
coriditiohs;^    '    ^  _  _i  

Rcla^  C3  4S  operateki^b^^  the  plosep  T  and  R  loop. 
'  Relay  RD  is  operakxi%  the  cfosied  contacts  3-4  of  the 
release  springs.  Relay  XD  is  held  bperaicd  only 
hkkau^  it  js  a  slow-io>release  relay:  "  *  , 
^  'fia  relay  XD  releases  a  shqn_timie  after  the  last  X 
direction"  step  is  taken .  its  1\2  coritacts  shdwn^^^^^^^ 
fo1doutj:>  ^^rt^^r  op?"  the  X  magnet  circtiit.  Contacts 
24-25^^make  before  coilLtacts_23-25  break  to  transfer 
the  hiding  circuit  of  relay  CB  to  jTbund  at  tcnnirials 
2Pbrthc  srwjtch  Jack  and  cir):uit  plate  plug;  Contacts 
21:.  and  ^2  released  relay  XD  complete  the 

crperatihg^circv^  ^  relay  HA.  You J:iin  trace  this 
circito  easily  iri  text.ri^^^  2-6:  Accordingly^  battery 
for.tfie'HA:>s  connect^xl  to  ifcnninal  7  at  t^c  circuit 
plaie  plug,  and  grourid  is'cdririected  to  contact  5  of 
relay  RD.        '  -  -  /  : 

R  elay  HA  operates.  Operated  re  lay  H  A  makes . 
contacts  1  and  2  and  3  and  4  and  breaks  contacts  5  and 
6.  Contacts  5  and  6  open- the  operating  c^cuit  for  this 
relay.  CoK tacts  3  arid  4  cdmplcte  a  shunt  circuit  for 
jcX^y^^  i^'o^'P  This  clLrcait  is  not  showi^n  Og:.  2-6: ) 
feoni&cis  5  and  6  of  relay  RD  also  shuni^elay  SW. 
"  w  he  ri  t  he  S  per  i  s  pbsi  t  i  b  ri  ed  bctwe  e  ri^  ban  k  co  n  tacts 
during' stepping  in  the  Y  direction,  to  prevent 
qperaiion  of  relay  SW  until  Y  stepping  has  been 
corripleted.  Operated  <x)ritac^  2  complete  the 

operating  circuit  for  the  Y  magnet; 

y  ma^nei  operates.  As  the  Y  magnet  operates  arid 
rribves  the*T,  R,  S.  arid  HS  wipers  one  step  into  the 
bank,  the  Y  off-normal  springs  operate  and  extend 
grpund  through  the  6-5  contacts  tb  the  wiriding  of 
relay  SW  frbrii  the  5-6  (X)riiacts  of  relay  RD.  When  the 
Y  magnet  is  operated,  Lts  interrupter  springs  (1-2) 
:OF>en  the  circuit  to  relay  HA. 

Keiay  JjA  jeleases  relay  HA  releases,  its  6-5 
contacts  reconnect  a  circuit  to  its  ca  winding.  Its  4-3 
coritacts;jrcmovc  the  shunt  from  the  operating  circuit  of 
relay  SW.  so  that  relay  SW  may  qpcrate  if  the  wire 
bank  contact  is  not  grounded.  Contacts  1-2  open  to 
release  the  Y  magnet 

y  rrid^her  releases.  As  the  Y  ntagnet  releases  in 
preparation  for'  another  step,  if  necessary,  its 
iritcrrupte|  springs  complete  a  circuit  from  riegaiivc 
battery  through  the  winding  of  relay  HA  to  the  S 
wipcf  .  . 

After  this  first  step  iri  the  Y  direction  has  beeri 
completed,  relay  CB  is  operated  over  the  T  and  R 
loop.  Relay  XD  is  released,  and  relay  HA  has  its  ac 
wiriding  corinectcd  in  series  with  the  S  wiper  arid  is 
prepared  to  opcrHtc  if  ground  is  encountered  by  the  S 
'wiper.  The  ac  wmding  of  rcias  SW  is  connected  to 
ground  at  contacts  6-5  of  relay  RD  and  to  the  S  wiper 
and  one  end  of  the  ac  winding  of  relay  HA  .Should  the 
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S  wiper  encoonter  groand  on  the  S  bank  lead,  relay 
SW  will  be  shunted  to  prevent  it  from  operating,  arid 
relay  HA  will  again  opcr|uc  iis  ^w^^ 
previously,  caasing  the  switch  to  step  another  step  in 
the  Y  dirftitioh.  This  alternate  operation  of  relay  HA 
arid  the  Y j  magnet  will  cqritiriiic  Jtq  step  ^ic  switch 
wipers  in  the  Y  direction  antii  the  eleventh  position  is 
reached,  unl^  the  §  wiper  encounters  an  at^rice  of 
ground.  If  the  S  wiper  cricduritcrs  an  alwbncx:  of 
ground  on  the  S  lead,  relay  SW  will  aot  bc  5hunted, 
and  relay  HA  vyill  not  operate.  Relay  SW  will  operate 
under  this  c^nditjbri,  [ri^ries  with  of 
relay  HA,  and  a  switch-through  will  take  place,  as  we 
will  d(»cribe  later  on  in  this  section. 

Exercises  (617):  ^ 

[.  What  XY  selector  circuit  coriditipn  causes  the  XY 
,  selector  switch  to  step  in  the  Y  direction? 


2.  What  equipment  condition  is  indicated  when  the 
.  selector  S  wiper  cncounjpers  ari  absence-of-grbund 
^bri  an  S  bank  contact  and  what  action  docs  thc^ 
selector  take? 


3.  Name  the  XY  selector  components  that 
alternately  operate  to  step  the  XY  switch  in  the  Y 
direction. 


618.  Identify  XY  selector  respbrises  to  oh  all  trunks 
busy  condition  by  labeling  the  actions  or  listing  the 
relays  and  relay  contacts  and  magnetic  springs 
involved  at  siich  a  time. 

terminating  a  Call  When  All  Trunks  Are  B<uy.  If 

all  of  the  trunks  iri  the  dialed  level  are  busj/,  all  bank 
wires  in  that  level  are  groundedU,^  a  result,  reljiy  HA 
and  the  Y  magnet  will  continue^^ove  the  wipers  one 
step  at  a  time  tb  jw^Mon  y^Q^ 
overflow  s^rin^.  The  calling  station  will  then  receive 
a  busy  tone,  indicating  that  no  idle  tniriks'  are 
available.  "  ;       :      _  ii    

As  the  overflow  springs  operate,  contacts  4-5  open 
the  circuit  to  relay  SW  and  fire  vent  its  pf^ratiori. 
Cbntacts  1-S  extend  the  ca  winding  of  relay  CB  to  biisy 
tone  ground:  Relay  CB  will  release  during  the  g^otind 
transfer  period,  but  this  will  not  affect  the  required 
drcuit  jtoctibns.   ; 

Caiiin^  station  disconnect.  Having  received  a  busy 
tone,  the  calling  su^criber  replSces  the  telephone  on 
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the  cradle.  This  act  opens  the  T  and  R  loop.  Now, 
relay  CB  in  the  sell^^^ 

Re^y  CB  rei^^s.  Conlacqs  4, and  5  of  the  released 
CB  open  the  operating  circuit  of  relay  RD.  Contacts  3 
^Idse  but j*iform  no  useful  function  at  this  time. 
Relay  RD  rei€m^.  Released' relay  RD  disconnecis 
ground  from  the  common  sujjervisory ;  circuits  by 
ot*Plng_cohlacts^  Contacts  2 1  -22  disconnect  the  S 
wiper  from  the  SW  and  HA  relays  to  prevent  operation 
of  these  relays  during  the  time  the  XY  switch  wipNcnj 
^^_T*?^™|nS  ?9  normal.  Contacts  6-5  remove  the 
ground  from  the  ^  lead  and  aliow  the  preceding 
equijimeht  to  release.  Contacts  24-23  complete  the 

Circuij  to  the  Z  rhagnet.  

Znutgnet  operates^  The  release  springs  operate  and 
remain  operfited  until  the  switch  has  returned  to  the  X 
P^^l^?'^-  ^^l^"*_?Pr!nJ_^nt^^^^  to 
prevent  relay  UA  from  operating  daring  the  release  of 
the  switch.  Contacts  4-5  extend  ground  to  the 
P^^^^^MJ^^W^^^}jpy^l      _S  lead  to  jDrevcn t  thc^ 
selcctor%om  being '^ized  while  the  release  is  in 
progress.  As  the  switch  returns  to  Y  normal,  the  Y  qff- 
liorf^gl  springs  restore  J;  and  the  X  off-normal  springs 
,also  fttum^o  normal  to  open  the  circuit  to  the  Z 
magnet,  allowing  it  to  restore  to  the  normal  position. 
The  switch  is  now  ready  to  be  used  for  another  call. 

Efcerciser^^lS): 
1 .  Name  the  actions  that  occur  «n  the  XY  system 


seL^tor  when  the  circuit  finds  that  all  the  trunks 
aVe  busy. 


2.  Specify  th^  relays  and  relay  contacts  and  magnet 
springs  that  are  in  the  busy  tone  circuit  of  the  X  Y 
selector. 


619.  Using,  ffigiire  2-6  and  foidoiit  2  as  necessary, 
indicate  XY  selector  comj^nenl  resj^^sc^  wtieil  a 
trunk  is  available  by  naming  tlie  actioiB,  relay  and 
■n^jn^t  contacts,  and  relay  .contacts  Involved  at  such 
a  tiine«         \,      -  *  " 


f  Switch  Throiggh  When  a  Trunitl^vailable.  The 

selector  autpmatiGally  hunts  in  the  Y  direction  until  its 
S  wiper  m^^Uan  absence  of  ground  condition.  At  that 
time  the  sclcStcrr' will  switch  tlffough  and  seize  the 
sucoobdi  Y  direction  stef)ptng, 

relay  SW  is  shunted  if  the  wipers  riKt  on  a  busy  trunk 
{or  by  groiwd  through  contacts  3-4  of  relay  HA)  and, 
y^^r^^o^^i^^noXP  an  jdle  condition 

exists,  howevcKthe  shunt  is  removed  from  relay  SW, 
and  it  operates./^ 

Relay  SW  operates.  Text  figure  2-7  illustrates  the 


PART  OF 

SWITCH 

JACK 

A — 

6« 

4 

1 

.62- 

OFf- NORMAL 


OFF  NORMAL 

SPRtNCS 


X  Y 
OVtRfLtLW 
SPRINGS 


INTERRUPTER 
SPRiNGS 


RUCASE 
SPRINGS 


NOTE  RELAY  HA  WILL  NOT  OPERATE  IN  SERtCS  WITH  RELAY^W 

Rgurc  2-7.  Stmphfied  operating  circuit  for  relay  SW; 


21 


412 


SW  relay  operating  circuit.  You  should  remember  that 
the  operating  circuit  for  many  of  the  cbmponems  that 
we  have  traced  so  far  terminated  at  the  same  terminal^ 
shown  in  this  illustration.  Using  fbldbut  2.  youjfcjw 
also  note  that  when  relay  SW  o|>5ratcs,  its  22^3  21 
contacts  open  the  circuit  to  the  release  m^net. 
Contects  1-2  connect  resistor  R3  in  sefics  with  the 
MON  lamp.  When  CB  rcleaawK,  later,  this^^^^ 
wiU  allow  Uic  MON  lamp  to  glow  dimty  instead  of 
bristly.  Coatacti_5-4  close  to  prepare  a  holding 
circuit  for  relay  SW  througlj  the  S  wjpcr  from  the 
succctsiing^uipmcnt.  This  circuit  is  not  useduhtU  a 
ground  is  later  applied  to  the  S  lead.  Contacts  5-4  also 
connect  ground  to  the  succeeding  switch  to  jtiark  Jt 
busy  at  the  selector  banks  until  rejay  RD  operatw. 
Contacts  3-4  also  br(»k  at  this  time  to  prevent  relay 
HA  from  dpcrati;ig  during  the  switchthrcy^ 
Cpntact^24-23  and  27-26  open  the  circuit  to  relay 
CB»  allowing  it  to  release.  Coi|tacts  24-25  and  27-2& 
extend  the  T  and  R  l^ads  to  sucoepdi^^ 
thus,  sizing  it.  Contac»3-9-CXten'd  the  HS  l«id  to  the 

succeeding  eqttipmentjf      ^    i   _ 

Relay  CB  r<r/«ijcs.jSbntacts  1  and  2  of  the  released 
CB  relay  open-the  circuit  to  the  MON  lamp  and  its  5-4 


PART  OF 
PART  OF  CIRCUIT 
SHELF  ^^^^^ 


contacts  open  the  circuit  id  jcla^^ 
will  remain  iightcd,  however,  from  "the  circuit 
established  through  resistor  R3  to  give  a  visiial 
iridicatiori  of  busy  condition.  R^^^^^  slow 
to  release,  remains  operated  fdr  a  short  period  of  time 
and  keeps  the  ground  on  the  S  lcad  td  hdjd  the 
preceding  equipment  operated^ntit  the  switchthrojagh 

is  completed.  ^  ! 

Relay  RP  releases.  The  released  RD  jfelay  cdmplci« 
theswitchthroughprdccdulx.  Its  5  and  q  contacts  open 
the  original  operating  circuit  of  relay  Sw  and  remove 
tfic  •selcctpr  ground  frdm  the  prixeding  j^uipr^^^^ 
Relay  S W  juid  the  preceding^uipmcrit  now  remain 
operated  because  of  the  ground  supplied  the 
succeeding  equipment.  Cdritacts  3-4  remdvc  ground 
from  the  STI  lead  of  the  common  supervisory 
equipment.  Contacts  24-23  close  to  prejwi^a  circuit 
for  the  Z  magnet,  which  will  be  dpcratfcd  after  relay 
SW  relcases  at  the  cqmj5letion  ojthc^call. 
J  The  switchthrough  projc^lure  is  completed  by  the 
selector  when  the  succeeding  eqiiipmeni  is  sciz^^^  and 
relay  RD  in  the  selector  has  released.  The  T  and  R 
leads  from  the  calling  telephone  arc  now  extended  to 
the  succeeding  switching  equipment,  and  the 
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lelephbhe  iise^^  hqw  <]jal  additibhal  digits  to  step 
this  eqoipment  antii  the  d^ired  telephone  station  is 
connected  and  given  a  ring.  Relay  SW  remains 
operated  for  the  duration  of  the  call. 

Exerciies  (619): 

1 .  Give  three  actions  in  the  XY  wslectbr  that  follow 
when  the  wipers  find  an  idle  trunk  |o  a  connector: 

2.  Specify  the  relay  and  magnet  contacts  in  the  SW 
relay  operating  circuit. 


3-  N**n_c_Jthc  relay  in  the  lihefindcr  and 

seleaor  which  extend  the  subscrit^  line  to  the 
connector. 


620.  Using  flgure  2«8  as  nece$!»ry,  identify  XY 
selector  corinectioiis  and  operations  tliat  restore  the 
^^l^l!^_/^Jl9^i)S_^  and  list  the 

XY  selector  devices  releasing  at  this  time. 

_  ^^^^^^''^^l^^  f^l^f!'_P^>V~^^<iP^^  The 
selector  does  not  Telease  until  the  saeCeeding 
cquipmcril  releases  relay  SW  and  permits  the  switch  to 
^9  ^^IP3hJJ^'^^  Release  of 

relay  SW  lakei  place  when  the  ground  is  removed  from 
the^S  lead.  This  opens  the  circuit  to  the  relay  winding. 
Figure  2-8  pcnnits  you  to  trace  the  SW  relay  c^^  to 
the  S  wiper.  You  find  that  during  this  tracing,  contacts 

1^4  of  the  X  and  Y  6fT^ hp rmal.  springs  and 
contacts  2 1  and  22  of  relay  XD  |jnid  4  &  5  of  relay  SW 
are  in  this  S  wiper  ciroiit.  O^MOCmrse^  the  same  ground 
j>3tCTtial  from  the  is  to  be  noted  at  thc_S 

lead  for  the  iinefinder,  be^ose  of  the  closed  25  and  26 
contacts  at  the  busy  switch. 

When  relay  SW  releases,  its  24-23  jand  27^6 
cotitac^  prepare  the  operating  circuit  of  relay  CB. 
Contacts  4-3  and  8-7  close  to  restore  the  S  and  HS 
Itsuds  to  their  normal  circuit  conditioiL  Contacts  1-2 
open  the  circaU^t  to  the  MON  lam  Contacts  21-22 
complete  the  circuit  to  the  Z  mag^iet: 

3?^h«n  the  Z  magnet  operate,  its  4-5  release  spring 
a)n tacts  extend  ^^iitidjo  the  S  laid  of^ the  preceding 
equipment  lo  prevent  tfii  seleaor  from  being  seized 
it  is  in  the  process  of  releasing.  As  the  switch 
rttoms  to  Y  normal,  the  Y  off-normal  spnhgs  return 
to  normal;  and  at  X  normal,  the  X  off-normal  springs 
fetUrii  to  their  normal  positions.  This  opens  the  circuit 
to  tfie  Z  mi^ci.  When  the  Z  ma^ct  releases,  the 
release,  sfnrings  restore  to  normal,  and  the  switch  is 
ready  for  another  call. 


Exercises  ($20): 

i .  Identify  the  potential  that  the  X Y  connector 
removes  from  its  preceding  equipment  to  restore 
the  equipment  to  normal. 


2.  State  the  XY  selector  devices  that  release 
following  completion  of  the  call. 


621.  Specify  three  XY  selector  feaiures,  iiicliidiiig 
an  instaiiatlon  method  comroliing  sutecrlbe^  access 
to  XY  system  equipment,  the  selector  devices  test 
liieii  use  to  check  XY  system  equipfheht,  and  the 
electric!  devices  redoclng  high  voltage  arcing  at 
telephone  circuit  contacts. 

Additional  Selector  Features.  Because  of  c^st  and 
liJtne  limitations,  and  since  you  study  jevel  restrictions^ 
for  jhc  XY  system  in  the  resident  course,  this  feature  is  \ 
only  reviewed  in  this  manuscript.  In  addition  to  the 
level  rcstriclipn  review,  we  will  mention  the 
monitoring  arid  spju*k^^^^ 

F  winng^  You  have  learned  that  several  wiring 
methods  are  available;  for  example,  F,  O,  V\,  and  Z 
J"?y  t»e  ii»sJ.  Foldout  2  shows  the  F  wiring 
termination.  To  prevent  access  to  certain  telephone 
services,  the  F  wiring  is  cbririected  between  terminal  7 
of  the  circuit  plate  plug  and  jack  and  _thc_rc«U"jcted 
level  terminal  at  the  XX  bank:  Tracing  from  terminal 
7,  you  go  thrbiigh  contacts  of  relay  SW,  through 
contacts  of  the  XY  overflqw  springs,  and  aitivc  at 
terminal  16  of  the  circuit  plate  plug  and  jack.  The  iiS 
lead  from  the  lihefihder  is  also  attachoj  at  this 
terininal.  Now^  a^umin|  that  a  calling  station  dial^^^^ 
digit  9,  the  seizure  of  the  nondigil-canceling  elector 
will  be  as  usual.  Biit  iippn  completion  of  the  first  step 
in  the  Y  direction,  relay  SW  will  be  shunted  at  contacts 
5-6  of  relay  RD  and  ground  at  the  XXjviper.  The 
ground  oh  the  XX  wiper  is  siipplied  frorh  the 
preceding  equipm«it  over  the  HS  Irad,  through  the. 
circuit  from  the  HS  lcad  to  the  FF  wiring  and  to 
posilibri  9  qri  the  XX  barik.  With  this  shunt  across 
relay  SW,  the  seleaor  cannot  switch  through  to  the 
succeeding  ^uipmeht  during  Y  direction  stepping. 
Relay  HA  arid  the  Y  magnet  step  the  switch, to  position 
Y-1 1  to  connect  busy  tone  to  the  station  orginating  the 
call.  When  the  station  disconnects,  the  switch  will  be 
rcttirncd  to  normal. 

Monitor  devices.  Operation  of  the  busy  switch 
prevents  preceding  equipment  from  seizing  a  selector 
T^^  Pl9^ ^S9L J^9^.  on ly  pcrmi ts  nibri itoring  a  cal  1 
but  also  enables  test-stepping  the  XY  switch  to  any 
desired  position.  The  connection  of  t«;t  equipment 
will^be  diwrnssed  i  pf  this  cbiirse.  The 

monitor  lamp  indicates  that  the  circuit  is  switched 
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through;  The  lamp  is  nQrtighicd  when  the  selector  is 
idle  and  is  lighted  brightly  when  the  connector  has 
-been  seized  but  has  not  switched  thrtiugh. 

Sparit  swppressic^?!  iit'vict'j.  Resistor  Rl  arid  capacitor 
CI  arc  connected  in  seri<»  f^Pf"  ground  thro 
coritacts  -3-4  of  relay  CB;  as  shown  in  foldout  2,  to 
provide  spark  protection  for  these  contacts.  Resistor 
R2  and  capacitor  C2  are  connected  in  scries  from 
ground  through  contacts  2-rand  3-4  of  relay  HA  to 
provide  spark  protection  for  these  contacts. 

Exercises  (621); 
1:  What  installation  method  coritrols  subscriber 
access  to  XY  telephone  system  equipment? 


2.  Specify  selector  device  that  aid  a  icsi  man 
checking  XY  system  telephone  equipment. 


3.  Name  electrical  devices  which  reduce  high- voltage 
arcing  at  telephone  circuit  contacts. 


2- J,  Trdubieshooting  the  Selector 

Yoa  have  seen  that  troubles  can  be_  isolated  by 
analyzing  the  equipment  qperations  and  tracing  from  a 
point  in  the  circuit  where  a  signal  is  available  to  a 
point  where  no  signal  is  rioted.  Of  course, 
troubleshootirig  iri  the  XY  telephone  equipment 
usually  includes  the  operation  of  testing  units  and 
devic^  provided  for  this  puipaM;^  To  illastrate,  ^we 
have  riientioried  the  busy  switch  and  mpnitoring 
devicK  for  the  selectors.  You  should  recall  that  the 
busy  switch  perriiits  test-stepping  of  the  XY  sw 
while  your  arc  observing  the  monitoring  lamp.  Iri 
foldout  2  yoa  should  also  have  seen  the  t«t  B  jack. 
This  jack  enables  twtmg  of  the  XY  while 
using  the  circuit  plate  maintenance  test  set. 

Yoa  may  sometime  be  required  to  open  the  circuit 
at  a  convenient  jx>int  and  test  fcirward  and  backward. 


This  test  may  thus  isolate  the  trouble  positidri.  Ydii 
may  then  open  the  defective  portibri  in  an  effort  to 
isolate  the  circuit  further.  Then,  poim  testing 
reduces  the  defective  section  to  smaller  isolated  areas. 

From  what  we  have  just  said,  recall  again  that  many 
methods  may  be  used  to  locate  troubles.  With  ail 
methods,  think  logically  and  use  care  that  you  don't 
put  troubles  in  while  trying  to  correct  what  is  already 
there.  ' 

We  will  again  consider  a  sample  trouble  symptom 
and  identify  troubles  which  could  provide  such  a 
symptbrii. 

622,  Given  a  typical  XY  telephone  eqo|pm^^^ 
trouble  symptoiii,  use  foldout  2's  schemalk  diagrains 
as  necessary  to  determine  the  probable  trouble(s) 
and  the  proper  corrective  procedures  to  be 
imjpleiherited* 

Assume  that  duririg  a  routirie  test,  yoa  find  that  the/ 
selector  cari't  be  seized  from  the  monitor  A  jack.  We\ 
can  consider  twi  probable  troubles  for  this  synijito^^ 
See  foldout  2.  First,  the  test  jack  could  be  defective. 
Sccdrid,  the  pulsing  (€B)  relay  could  be  failing  to 
make  contacts  1  and  2  and  4  arid  5.  Again,  a  visual 
inspection  of  each  of  the  units  may  reveal  whether  or 
rid^the  mechanical  devices  are  failing  to  function. 
Dirty  or  maladjusted  compK^nents  arc  corrected  s  we 
have  previously  iridicated.  If  relay  CB  appears  to  be 
nonfunctioning,  yoa  will  have  to  check  it  electrically 
with  the  circuit  plate  maintenance  test  set,  with  a  relay 
test  set,  or  with  an  dhmmeter. 

Exercises  (622): 

Use  foldout  2  and  text  informatidn  to  determine  a 
probable  trouble  for  each  of  the  following  reported 
trbable  symptoms.  In  each  instance,  identify  an 

appropriate  corrective  action,   i_ 

1.  Selector  MON  lanip  is  glowing  during  telephone 
system  quiet  period  (no  calls  are  being  processed). 


2.  Test  man  receiv(^  a  dial  tone,  but  the  selector  does 
not  switch  through. 


CHAPtER  3 


Connector  Equipn^nt 


/ 


IN  Abt  PbAYS  and  movies  a  series  of  events  lead 
toward  a  climatic  pbirit.  At  that  IK)int,  events 
which  complete  the  story;  The  connector  can  be 
consider^  as  the  climatic  point  in  our  telephone 
project.  The  events  that  preceded  its  seizure  included 
b^falinf  relays  in  ihelinc  equipment,  iinefmder  and 
first  selector:  The  operated  connector  completes  the 
connections  which  enable  the  two  subscribers  to 
converse. 

As  we  noi«i  in  Volume  3,  there  arc  several  types  of 
con  hectors.  We  will  again  recall  some  types  in  this 
chapjcr^Thcn  we  will  review  the  XY  connector  circuit 
operation  and  troubleshooting  of  this  equipment. 

3«i,  Types  of  Cohhectbrs 

The  connector  switch  is  connected  back.-to-back  to 
the  selector  and  extends  the  T  .and  R  leads  of  the 
IJncfindcr  to  the  called  siatidh.  The  coiuiccto^ 
follows  the  Jiilscs  of  the  dial,  prevents  the  preceding 
equipment  from  releasing,  tests  the  condition  of  the 
line,  returns  a  busy  or  ringback  tone,  iriri^  the  called 
sRypt*A_/^''Dllh*^'l  transmission  battery  to  both 
subscribers,  and  releases  at  termination  of  the  call. 
One  connector  that  does  this  is  referred  to  as  a 
"regular  connector." 

.  _    _  _     _  _       «  — 
623.  Identify  two  types  of  XY  cohhectors  and  give  a 
function  of  each. 

The  "trunk-hunting  conncctqrV'  functi^  are 
similar  to  those  listed  for  the  regular  connector,  When 
stepped  to  a  busy  line,  this  ^ohnjector  will  continue  to 
step  in  the  Y  dircctujh  uhtU  it  l'"''^-  ^jj 

trunks  are  in  use,  a  busy  tone  will  be  sent  to  the  calling 
party.  This  trunk  hunting  feature  is  provided  by 
strapping  the  S  and  HS  [cad^f  each  line  (except  the 
\asC)  into  a  trunk-hunting  J^oup.  You  may  recognize 
fie  trunk-hunting  connector's  fuhctioh  b«t  if  ycm 
think  of  the  telephone  rguired.  duri^  fund- 

raising  ^mpaigns:  These  connectors  fH'oyide  that  all 
of  the  associated  telephones  (usually  J  0^)  c^ 
ifcached  by  dialing  the  same  directory  number. 

The"private  exchange  (PX)  connector"  also 
provides  the  functions  listed  for  the  regular  cdnnectdr^ 
To  illustrate,  it  is'preseized  by  an  associated  Iinefmder 


before  the  Iinefmder  finds  the  calling  station  line.  It 
^«nds  dial  toneto-the  callingstation,  steps  in  the  X  and 
Chen  in  the  Y  dira:tibri  iri^ response  to  d^^ 
for  busy  condmAi  ^  the  called  station,  and  extends 
^busy  tone  to  the  calli^ng  station  if  the  called  station  is 
busy.  If  the  called  station  is  i^le,  it  extends  ringing 
toncftd  that  station  and  ringback  tone  to  the  called 
station.  Transmission  battery  is  supplied  \o  both 
stations  after  the ^Hed  tcjcphqne  is  answe^^ 
the  <^ll  is  terminjlled,  the  connector  releases  itself  an^ 
the  equipment  preceding  it.  (Note  that  the  X  and  Y 
iritcmipter  springs  ire  not  used  in  the  connector, 
because  the  switch  is  stepped  by  the  dial  pulse  spring.) 


Exercises  (623): 
1 .  Identify  two  types  of  XY  system  connectors. 


2.  What  in  the  switch  train  provides  transmission 
battery  for  the  subscribers? 


3-2.  Cohtiector  Clrceil.0^anon  | 

Fbidout  3,  (?bund  in  2-4q)aratc  ihclpsiires,  il  the 
scheriiatic  diagi^m  for  the  xjf -system  PX  conn«tor. 
Use  it  when  ti^ctng  and  analyzing  Sis  equipmeii. 

624.  Using  foldbut  3's  XV\wtfiector  diagraiAs  as 
weii  as  figures  3-1  and  3^  al  necessary,  identify 
eqtiipment. seized  following  a  call  origination  and 
the '  fwtential  cqnnecled  io  the  HS  wiper  for  the 
conttector  bank  and  state  the  devices  providing  such 
potential  and  the  name  of  the  XY  connector  pulsing 
relay. 

Seizure.  The  connector  is  seized  when  relajt  ST-in 
the  linefiridcr  circuit  operates  linefinding 
process:  The  operation  of  relay  ST  places  resistor  Rl 
across  the  T  and  R  leads  of  the  CB  relay  in  the 
connector  switch  dpcratijig  relay  CB: 

Re\ay  CB  operates.  Figure  3-  J  can  be  used  to  trace 
the  operating  circuits  of  relays  CB,  RD  and  RT  in  this 
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coririectbr.  Accordingly,  you  can       that  cbnUic^^ 
and  5  of  operated  relay  CB  complete  the  op^r^ation 
circuit  tor  relay  RD  (release  delay).  Thole  two 
contacts  also  complete  an  opeFatIng  circuit  to^  relay 
RT  (ring  trip);  _  v 

Relay  RD  operates.  Operated  contacts  3  and  5  of 
this  rejay  connect  ground  to  the  S  lead  of  the  p^cedihg 
cqaipraent.  This  action  keeps  relay  SW  in  the 
linefinlSer  and  relay  CO  in  the  line  circuit' operated 
UntU  the  linefmder  locates  the  calling  line,  stow n  in 
foldoQt  3:  Contacts  1-2  perform  no  important 
function  at  this  time.  These  contacts  will  later  provide 
a  ground  for  the  dpcration  of  relay  in  the 
connector  circuit  after  the  switch  has  stepped  in  the  Y 
direction.  They  also  serve  to  lock  the  BT  (busy  tone) 
relay  in  the  operated  position  |f  the  called  line  is  busy: 
Contacts  23-24  partially  prepare  the  operating  path 
for  the  X  and  Y  magnets^  Comacts  21-22  supply, 
ground  to  the  start  (ST)  lead.  This  circuit  is  shown  in 
foldout  3.  Contacts  25-26  open  to  prevent  the  Z 
magnet  from  bpcratirig  when  stepping  in  the  X 
direction  begins  (FO  3).  Contacts  7-6  complete  the 
opcrating_circuit  for  relay  XD  and  lockup  paths  for^ 
relays  RT  and  RD.  These  circuits  are  shown  in 
simplified  form  in  figure  3-2. 

Relay  RT  operates.  Relay  RT  operates  slightly  later 
than  relay  RD  and  slightly  t^fore  relay  XD.  The 
contacts  of  relay  RT  perform  the  following  functions: 


Contacts  1-2  and  23-22  cbmplete  lockup  cifcuits  tor 
relays  RD  and  RT.  Contacts  27-28  open  one  path  of  a 
parallel  circuit  lo  the  common  supervisory  equipment. 
(The  make  26-25  contacts  bf  relay  SW  keep  the  other 
parallel  circtiit  closed — FO  3).  Contacts  25-26 
prepare  an  operating  circuit  for  the  X  magnet,  while 
contacts  25-24  further  open  the  circuit  to  the  Y 
magnet;  Contacts  9-11  make,  before  contacts  9-10 
break3_t^  transfer  the  operating  circuit  of  relay  CB  to 

CpTJead,  seen  in  fqldbia  3,  which  isjcon  . 
ground  through  the  dial  tone  transformer.  Contacts 
5-4  and  8-7  partially  complete  a  circuit  to  the  T  and  R 
wij^rs.  This  path  is  hot  used  until  later. 

Relay  XDjopezates.  Relay  XD  operates  slightly  later 
than  relay  RT.  Its  cdtitacts  perform  the  Following 
functions.  Contacts  23-24  further  open  the  circuit  to 
the  busy  tone  source.  Cojitacts  25-26  prepare  lockup 
paths  for  relays  RD  and  RT.  Contacts  1  -2  prepare  ah 
operating  c[rcuit  for  the  X  and  Y  magnets  and  an^ 
operating  circuit  for  relay  XD  when  the  switch  starts  t(|^ 
step  ih  the  X  directibh.  This  additional  bperatihg  cir- 
cuit is  riKjuired,  because  the  X  off-normal  (X-ON) 
springs  open  the  original  operating  circuit  to  relay  XD 
9"  J^^^  Oret  step  in  the  X  directibh.  Cohtacts  3-5 
prepare  the  circuit  for  relay  BT:  This  circuit  is  used 
during  Y  direction  stepping  to  connect  the  S  wiper,  so  , 

r^i^y  f"ay  bperate  if  the  called  number  is  busy^ 
Open  contacts  21-22  prevent  relay  SW  from  operating 
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Figure  3-1 .  Simplified  diagram  for  operating  circuits  of  rjjiays  CB,  RD.  and  RT. 
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prcmatdrcly:  SW  should  not  opc^te  until  Y  stepping 
is  complet(Kl  and  the  called  statiOkQ  is  tested  for  busy 
condition^  The  circuitry  just  described  is  completed  in 
about  the  sarae  time  the  iinefmder  requires  for 
searching  out  the  calling  party's  line.  As  s<K)h  as  the 
oljlinj  station  receives  dial  tone,  the  desired  ^station 
may  be  dialed.  The  operating  circuit  of  ^Jay  CB  is 
c6mplct«d  by  the  closed  T  arid  R  fobp  to  the  call iri^ 
station^  Oti^mUyr  tjie  operating  circuit  of  relay  CB 
was  closed  by  placing  resistor  RJ  (in  the  linermder 
circuit)  across  the' T  and  R  leads  to  the  coririectqr 
circuit.  After  thc_lincrindcr  operation  is  completed, 
relay  SW  in  the  Kne  circuit  operates  to  extend  the  loop 
from  the  cbrihe^br  circuit  to  the  calling  station  and 
relay  ST  disconnKis  resistor  R 1  from' across  the  T  and 
R  leads.  Relay  GB  i$  now  connected  over  the  T  and  R 
loop  toVthI  dial  pulse  spririg  cori tacts  of  the  calling 
partv^-^telgphone,  giving  the  dial  direct  control  of 
relay^fe.  Each  time  the  dial  is  used,  relay  GB  releases 
and,  rcbperates  iri  resporiseto  the  dial  pulses.  When  the 
TENS  digit  is  dialed,  relayjCB  supplies  a  pulse  to  the 
X  magnet  each  time  it  reoperates. 

Exerciises  (624): 

1.  Identify  the  relays  that  operate  to  seize  an  XY 
/  connector  for  a  calling  subscriber. 

2.  What  potential  is  connected  to  the  HS  wiper  for 
the  connector  bank?  Name  the  devices  which 
provide  it. 


3.  Name  the  XY  connector  pulsing  rel^y. 


625.  bsing  foldout  3'$  XY  connecior  diagrams,  and 
figures  3-1  and  3-2  as  required,  stale  all  cpmppnents 
or  circuit  conditions  that  step  the  universal  switch  in 
the  X  direction. 

X  pirection  Stepping  of^XY  Switch.  When  the 
dial  opens  the  T  and  R  loop  for  the  first  time,  relay  GB 
release.    __      •  y  _ 

Relay  CB  releases.  Tht  conlacHs  of  relay^  CB 
function  as  follows:  Contacts  5-4  open  the  operating 
circuiLof  relay  RR  aa  s<«n  in  figure  3-1.  However, 
relay  RD  is  sUll  held  oJ«rated^^^^^  throug^i 
own^-7  contacts,  as  shown  in  figure  3-2:  Cqntacte  3-4 
complete  a  circuit  to  keep  relay  XI>  operatc^  after  the 
ciraiit  to  its  bd  wiridirij  is  ojUHShed  by  the  X  off- normal 
(X-ON)  contacts  when  the.XY  switch  makes  its  first 
step  in  the  X  direction.  At  about  the  same  time  that  the 
X  _  magnet  moves  the  wijwsrs  one  step  iri  the  X 
direction,  the '^Ise  contacts  of  the  dial  close  to 
reoperatc  relay 

Relay  CB  reqpemtes  Rec^  of  .relay  CB 

performs  the  following  fuactionsL  Contacts  4-5 
complete  the  ground  circuit  of  relay  RD  Jhrbugh  the 
3-^4  a>ntacts  of  the  Z  nggnct,  keeping  relay  RD 
operated:  Contacts  3-4  open  the  circuit  to  relay  XD. 
which  does  riot  release  because  it  is  a  slbw-to<release 
relay  and  will  be  reenergized  by  the  next  release  of 
relay  GB.  Contacjts  3-4  also  open  the  circuit  to  the  X 
magnet,  which  releases,  leaving  the  wipers  one  step  in 
the  X  direction.  During  this  time,  relay  RT  is  held 
operated  by  ground  at  the  6-7  contacts  of  relay  RD. 


PART  Of   
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Figure  3-2.  Relay  XD  operating  circuit,  relays  RD  and  RT  locking  circuits. 
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Now  that  the  X  magnet  is  released,  it  is  ready  to 
receive  another  pulse  to  move  the  X- VJjlwitch  in  the  X 
direction. 

Reiay  CB  releases  for  the  second  time.  Relay  CB 
releases  for  a  second  time  (when  the  dial  pulse  springs 
open  for  the  ^cbhd  pUl»e)»  dpehjng^  its  4-5  cqntacis 
and  closing  its  3-4  contacts.  Contacts  4-5  open  the 
circuit  to  relay  RD;  which  cannot  release  for. a  short 
pcfjod  of  timic  be^u»e  it  is  a  s^ldw-tq-rcleasc  relay. 
Contaco  3-4  complete  a  circuit  tor  relay  XD; 
recricrgizirig  it  before  it  has  had  time  to  release  after 
the  first  dia^i  pulse.  T^ese  cqillacts  also  c^qmplete  a  path 
for  the  X  magnet,  which  reopcrates  to  move  the  wipers 
a  second  step  in  the  X  direction. 

I^etay  CB  reoperaies  for  ttw  second  time.  ^At  the  end 
of  the  second  puise^he  dia]  pulse  spring  contacts  close 
and  complete  the  T  arid  R  loop  to  relay  CB»  which 
reopemtes  and  functions  as  it  did  after  the  first  pu|se, 
remaining  operated  until  the  dial  pufse  contacts  open 
for  the  third  time.  When  the  dial  pulse  spririg  coritacts 
dpen^  relay  CB  releasees  and  futict[dns.as  it  did  for  the 
first  pulse.  Thus  by  operating  and  releasing  in  response 
to  dial  puls4»,  it  controls  the  steppirig  of  the  cdririector 
XY  stepping  switch  while  it  step  in  the  X  direction: 
This  interaction  of  the  dial,  relay  CB,  and  the  X 
magnet  continues  unUl  the  switch  has  been  stepped  the 
required  number  of  steps,  depending  upon  what  digit 
W2IS  dialed. 

K'^Jpy^Q  rf^^<3ses.  If  the  digit  2  is  dialed,  the  switch 
wipers  move  two  steps  in  the  X  direction  in  r^ponse 
to  dial  pulses.  When  X  direction  steppirig  is 
co^nj^'cted^^  "l^^t  rcjwu^^  circuit 

connections,  sb  that  Y  direction  stepping  can  take 
place.  This  is  done  during  what  is  kriowri  as  a  dial 
p^use.  Dial^ii^  is  a  length  dfj[mc Jdngcr  than  the 
slow-tourlease  period  of  any  affected  relay,  such  as 
relay  XD.  When  the  last  X  direction  pulse  is  received, 
!?*^y  _  opc rates  and  rema i  ns  dpcrate$„  Fu rthcf 
pulses,  for  the  scconS  digit,  wiij  step  the  XYxonnector 
switch  in  the  Y  direction.  Siricc  relay  CB  rcriiairis 
operated  longer  betwieen  digits  than  between  the  dial 
pulses  of  a  digit,  relay  XD  will  release  during  the  dial- 
pause  period. 

Retay  RT  releases.  When  relay  XD  releas«,  its 
25-26  contacts  open  the  circuit  of  relay  RT,  as  shown 
in^  fi^re  3-2,  releasing  it.  Rclea^  of  rcjay  RT 
transfers  the  operating  circuit  of  relay  CB  from  the 

9-11  contacts  of  RT  to  its  9-10  contacts, 
d iscdririecti rig  d iaj  tone  from  the  cdrt necto r  circu it 
Contacts  1-2  of  relay  RfT  open  the  circuit  of  its  own 
b-d  wi riding,  prn^ntirig  it  from  dperatirig  until  aft^r 
steppirig  in  the  Y  dircctidri  js  _cqmplcjed.  Contacts 
25-26  open  to  prevent  the  X  ma^et  from  reoperadng 
duririg  Y  directiori  steppirig.  Coritacts  24-25  pirepare  a 
cii^iiit  fdrdpcrajidrt  of  the  Y  magnet.  This  path  for  the 
Y  magnet  is  completed  after  relay  XD  reoperates  and 
relay  CB  release.  Contacts  22-21  of  relay  RT 
complete  the  operating  circuit  of  relay  XD. 
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Retay  XD  reoperaies.  After  relay  RT  re leiaes.  relay 
Xb  reoperates.  Contacts  1-2  further  prepare  a  path  to 
the  Y  magnet  for  Y  direction  stepping. 

Exercises  (625): 

1 .  What  procedure  steps  the  X  Y  system  connector  in 
the  X  direction? 


2.  Name  the  XY  system  connector  relay  that  releases 
so  that  the  connector  may  step  in  the  X  direction 
and  which  was  not  included  on  the  selector  cir^it 
plate. 


3.  Give  the  function  of  the  relay  of  question  2. 


626.  Using  foidoQt  3*s  connector  diagrams  as 
necessary^  Identify  the  components  or  circuit 
Conditions  that  step  the  XY  switch  in  the  Y 
direction. 

Y  Diivectio^^  Pepping  of  XY^S^  Etefore  the 
XY  CQiipector  switch- can  step  in  the  Y  directioh, 
relays  CB,  RD,  and  XD  will  be  operated.  Relay  CB  is 
^^'4  ^P^i^l^^  ^[^^  pulse  contacts,  relay  RD  is 
operated  throu^  the  5-4  contacts  of  relay  CB  and 
relay  XD  is  of«ratcd  through  the  6-7  coritacts  of  relay 
RD  (fig.  y-iy  Thus  tJie  switch  moves  in  the  Y 
direction  under  the  control  of  the  dial  of  the  calling 
telephone.  As  the  UNITS  digit  is  dialed,  relay  CB  in 
tarn  pulses  the  Y  mag^iet.  At  the  completion  of 
dialing,  relay  CB  is  kept  operated  by  the  calling  party!s 
telephdrie.  Let*s  again  note  the  results  wheri  relay  CB 
release.  > 

Relay  CB  releasees.  Ue  4  and  5  contJMSts  of  relay  CB 
dpen  the  circuit  df  relay  RD.  but  it  does  not  release 
until  the  dial  ^use  period,  because  it  is  a  slow-to- 
release  relay.  Contacts  3-4  close  a  circuit  for  relay  XD 
Y  magiiet.  The  circ^  for  XD  is  not  im{>ortarit 
at  the  beginning  of  Y  direction  stepping,  because  It  is 
held  operated  by  negative  battery  at  its  db  winding 
^^rough  contacts  6-7  df  rclay  RD,  as  is  shd^  in 
foidout  3.  The  circuit  to  the  Y  magnet  operates  the  Y 
magnet  to  move  the  wipers  orie  step  in  the  Y  direction 
for  each  dial  pul«5. 

Y  magnet  operates:  Thf  Y-ON  contacts  open  the 
circuit  to  thc^db  wiriding  of  relay  XD.  Relay  XD 
remains  operated,  hdwcyer,  over  its  c- a  winding  td 
ground,  through  release  contacts  3-4  of  theZ  magnet. 
Relay  XD  does  riot  release  duririg  pulsirig,  because  it  is 
a  slow-td-release  relay. 

Reiay  CB  reoperates.  The  T  and  R  \m>p  is  closed  by 
the  dial  pulse  contacts  a^ter  the  fir^t  puls^  is 
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campieied,  and  reiay  CB  reoperaies:  its  3-4  contacts 
open  iFie  circuit  to  the  Y  magnet  and  relay  XD,  as  may 
traced  iii  foldbui  6.  Cbntacis  4-5  of  relay  CB 
reenergize  reiay  RD:  Relay  CB  remains  operated  until 
the  dial  puise  contacts  at  the  calling  station  open;  then 
relay  CB  releases. 

Rday  CB  reirases  for  thr  second  rime.  When  relay 
CB  releases  for  the  second  time,  its  5-4  contacts  open 
the  circuit  forj'clay  RD^  Because  it  is  slow  to  release, 
relay  RD  remains  operated  until  after  relay  CB 
reoperates.  Contacts  3-4  of  released  relay  CB 
complete  the  circuit  to  reenergize  relay  XCt  Con  tacts 
3-4  also  close  the  circ&|i  to  the  Y  magnet  The  Y 
magnet  moves  the  switch  wipers  the  second  step  in  the 

Y  direction.  The  Y  magnet  remains  operated  until  the 
dial  pulse  contacts  ^t  the_cailing  station  close  the 
circuit  lb  relay  CB.  Relay  CB  then  reoperaies. 

Relay  CB  reoperaies  for  the  second  rime.  At  the  end 
of  the  second  pulse,  the  diaLpulse  coniacis  complete^ 
the  circuit  to  released  relay  CB.  Relay  CB  reoperates, 
performing  the  same  function  as  those  performed 
when  it  was  previously  energized  and  remains 
bpirarted-^tthttP the  pulse  contacts  open  for  the  third 
time.  Wten  the  pulse  contacts  open,  relay  CB  releases 
and  fu*ictions  as  it  did  after  the  second  puj^^  Relay 
CB  operates  arid  releases  in  response  to  dial  pulses.  It 
contrbls  the  stepping  the  switch  wipers  in  the  Y 
direction.  ' 

Y  dVrecnon  stepping  completed.  A 1 1 he  cb tti p let i b n  of 

Y  direction  stepping/ the  T,  R,     and  HS  wipers  are 
resting  on  the  .called  station  T,  R,  S,  and  HS  bank 
wires;  relay  RD  is  operated;  and  rjclaj^  XD  releas^.  5 
However,  before  relay  XD  releases,  the  connector  tests 
the  S  bank  wire  to  determine  whether  the  called  station 

is  busy  br  idle.  If  the  sia lion  is  busj'.  relay  BT  (busy 
test)  will  be  operated  through  the  3-5  contacts  of  relay  * 
XD  before _XP  release.  If  the  called  station  is  not 
busy,  relay  XD  wil[release,  2m d  relay  SW  will  operate 
to  perform  switchthrough  procedures: 

Exercises  (626): 

i.  Using  the  telephone  number^  322-2714,  which 
dialed  digit(s)  siep(s)  the  XY  connector  in  the  Y 
direction? 


627;  Concerning  XY  connector  operations  when  a 
call  is  terminated  because  the  called  station  is  busy, 
name  the  operating  ci rcuil  comporiehts  for 
connector  rcisy  BT  before  relay  XD  releases  and  the 
bperathig  circuit  components  for  connector  B'^fter 
relay  X4^  relea.ses,  list  the  conneclor  relay  coniacis 
in  tile  bbi|j  tone  circuit,  and  identify  ail  connector 
con!p<)_nenniKjn  the  release  sequence  afier  reception 
of  ihe  busy  to^e  and  subscriber  **hahg  up/* 

Terminating  a^all  When  the  Called  Station  Is 

Pm^£*_  ^ll^i^ ^fe^alled  station  [s  busy  at  the 
completion  of^direction  stepping,  reiay  BT  operates 
frpm  the  groun®>oteritial  on  the  S  wiper  bank  contact. 
The  contacts  bftelay  BT  qpcraje  as  follows^  Contacts 
3-4  place  an  additional  ground  on  the  S  ie^d  oLthe 
preceding  equipment  as  showri  in  foldput  3.  This 
circuit  is  not^  effective  at  this  time  but  wiU  be  needed 
later:  Contacts  1-2  complete  the  busy  tone  circuit  to 
the  callirig  party. 

When  the  tejephone  user  at  the  caUing  telephone 
station  hears  the  busy  tone  and  hangs  up^tfie  T  and  R 
loop  cprineciion  to  the  wiriding  of  relay  CB  is  op>ened. 
As  relay  CB  releases,  its  4-5  contacts  open  the 
of)eraiihg  circuit  to  relay  RD.  Whcn_RD_jreieases.  its 
1-2  contacts  bperi  the  drcuit^  tb  relay  BT.  This  releases 
relay  BT  and  disconnecting  busy  tone;  Contacts  3-4  of 
relay  RD  remove  ground  from  the  S  lead  to  release  the 
preceding  ^^liipmerii,  as  ^ri  in  foldbut  3.  Contacts 
25-26  of  relay  RD  complete  a  path  to  the  release  (Z) 
magnet. JJperaiion  of  the  Z  mzigriei  releases  the  switch 
^P^n*!  T^^cse  are  i hen  retuf  ned  lb  Y  arid  X  nbrma] .  1  n 
the  meantime  ground  is  supplied  to  the  S  lead  to 
prevent  the  sw'iich  from  being  seized  while  it  is 
releasing,  as  foldoui  3  shows. 

Exercises  (627): 

1 .  Name  the  cbmpdnents  in  the  operating  circuit  for 
connector  relay  BT  before  relay  XD  releases. 


2.  Name  the  comporients  in  the  operating  circuit  for 
conneclor  relay  BT  after  relay  XD  releases 


2.  Specify,  the  contacts  in  the  alternate  operating        3.  Specify  the  connector  relay  contacts  in  the  busy 
circuit  for  the  ca  winding  of  connector  relay  XD.  tone  circuit. 


3:  Using  the  telephone  number  of  question  J,  how 
many  limes  does  the  Y  magnet  operate? 


4  Identify  the  conneclor  components  in  the  release 
sequence  following  reception  of  the  busy  lone  and  ^ 
subscriber  "hand-up." 


4.  Cortipve  the  operational  function  of  connector 
relayy^T  and  SW. 


528.  ideiitiry  XY  cdiinecuir  operations  that  provide 
switch  ihrougK  wli4^n_ihe  cujied  station  is  available, 
using  roldoul  3  and  figure  3-3  as  necessary. 


Switchthroagh  When  the  Called  Station  Is 
Available*  'When  the  calied  station '  is  available, 
riesjstance  battery  is  qn  the  S  banks  thr<)U^^ 
winding  of  the  CO  (catofO  relay  of  the 'called  station's 
line  circuit.  When  the  S  wiper  of  the  connector  switch 
^encduhtcrs  this  resistance  negative  battery, 
switchthrough  procedures  take  place.  Before 
switch  thro  ugh,  relay  CB  is  operated,  relay  RD  is 
operated,  and  relay  XD  is  operated,  because  it  is  a 
slow-to-release  relay.    _  _ 

Relay  XD  releases.  When  relay  XD  releases  and  its 
2 1  -22  contacts  complete  the  operating  circuit  for  relay 
SW,  the  resistance  of  the  db  winding  of  relay  SW  is 
such  that  if  two  connectors  contact  the  same  terrnirial 
at  thc  !^me  time,  neither  of  the  SW  relays  involved  will 
operate.  This  prevents  two  cojincctors  from  switching 
through  on  the  same  line  at  the  same  time. 

Reiay  operates.  When  relay-  SW  operates,  it 
completes  lis  own  lockup  circuits  Its  26-25  contacts 
open  one  of  the  two  paths  to  the  common  supemMlry 
equipfhent,  as  shown  in  foldoot  3.  Its  27-28  contacts 
open  further  the  circuit i6_the  2  magnet.  This  circuit  is 
already  open  at  tt^e  25-26  (break  type)  cbritacis  of 
relay  RD:  The  l2-i3  contacts  prepare  an  operation' 
path  for  relay  AB.  Relay_AB  dp«  not  operate  until  the 
called  station  answers.  The  30-31  contacts  prepare^ 
new  holding  path  for  relay  CB.  This  path  is  necessary 
when  relay  RT  operates.  Contacts  7-8  and  23-24 
complete  the  ringing  path  to  the  caUwi  station^ 
Contacts  9-10  partiaiiy  prepare  a  path  for  the 
ppcratibh  of  relay  A B,  Contacts  5-6  prepare  a  circuit 
for  the  ririgback  tone.  Rmgback  tone  is  supplied  to  the  . 
calling  station  through  capacitor  C4.  Contacts  22^2 1 
of  relay  SW  extend  the  ground  to  the  S  wiper.  This 
ground  kecfK  the  CO  relay  of  the  line  circuit  operated 
and  marks  the  line  busy  to^ll  other  connectors.  With 
the  CO  relay  operated,  the  T  and  R  leads  to  the  calling 
station  are  cleared _of  all  other  (K^aipment,  and  the 
connector. can  supply  ringing  current  to  the  called 
station.  The  called  station  nnger  wll  operate* 
intervals  of  one  ring  every  fifth  second,  and  ringl^ack 
tone  is  supplied  to  the  calling  station  at  the  same 
interval  of  time.  Ringing  cumnt  to  the  cajl^  station 
and  ringback  tone  to  the  calling  station  continue  until 
the  called  station  is  answered  or  until. the  calling  party 
han^  up  tM^cau^  there  is  no  answer.  Relay  RT  >*iil_n9t 
operate  white  ringing  is  in  progress,  though  ringing 
current  is  passing  through  its  ca  winding,  b^use  it 
will  operate  bri  di^cct^  ci^  _  __    _ 

Reiay  RT  operates^.  When  the  called  station  is 
answerai,  the  liftal  handset  from .  the  hck)kswitch 
shunts  a  capacitor  in  the  set  and  provides  a  direct- 
current  parfi  which  allows  relay  RT  to  operate.  Since 
the  rinipng  ciirrent  was  superimposed  oh  the  central 
office  battery  supply  (GEN),  lead  RT  will  operate  as 


soon  as  the  capUcitor  is  .ihuntcd  to  close  the  dc  path. 
The  X  contacts  of  relay  RT,  as  explained  in  Note  3_of 
foldout  3.  The  remaining  contacts  of  relay  RT  operate 
as_tollows:  Contacts  27-28  remove  ground  from  the 
ST  lead  to  the  common  supcjS'isqr^quipmerit.  Xh^ 
circuit  to  the  supervisory  equipment  is  no  longer 
oeca^ary,  since  the  calling  station  has  no  turther  need 
for  dial  tone,  ririgback  tone,  or  ringing  current  during 
the  remaining  time  the  called  and  callmg  stations  arc 
connected.  Cofltacts  9-1 1  make  before  contacts  9-10 
break,  to  change  the  operating  ground  for  relay  CB 
from  contacts  9ri0  relay  RT  to  contacts  30-3 1  of  relay 
SW,  Contacts  3-4  and  6-7  remove  ringing  current 
from  the  called  station  arid  n_rigback  tdnc  from  the 
calling  station:  Contacts  4-5  and  7-8  complete  the  T 
and  R  loop  between  the  calling  and  the  called  stations, 
These  cdritacts  also  complete  the  operating  circuit  of 
relay  AB:  '  <L 

Relay  AB  operates.  Relay  A B  operates  to  pjimdc 
transriiissibri  battery  to  the  called  station. 

It  remains  operated  until  the  called  party  hangs  up 
at  the  completion  of  the  call.  The  contacts  of  relay  AB 
operate  as  follows:  Contacts  7-8_'cdmpletc  the  lockup 
path  to  relays  RT  Sn^  SW.  This  path  is  necessary  to 
prevent  the  conncctor'from  releasing  uritil  both  parties 
hang  up.  ThcrcfQrc,  if  the  calling  party  hangs  up  first, 
relays  RT  and  SW  will  remain  operated,  and  the 
s\yiti;;h  will  not  release.  A  second  ground  to  relays  ftT 
arid  SW  is  suppiicd  through  contacts  6-1  of  rclayjfe. 

with  the  operating  circuit  of  relay  A B  comfjletttl, 
the  transmission  path  between  the  <^^^^^ 
staiionsris  ^tablished.  During  transmission,  rela^ 
AB,  CB,  RD,  RT,  and  SW  >  are  operated.  TYxt 
trarisriiiMiori  circuit  bctw^  the  calljrig  jmd  ca^^^ 
stations,  shown  in  figure  3-3,A^  is  traced  as  shown  in 
figure  3-3^B.  Transmission  battery  is  •supplied  to  the 
called  station  through  Jhc  db  wirid^^  relay  AB. 
Since  voice  current  is  effectively  alternating  current,  it 
passes  readily  through  capacitors  CI  and  C2,  so  that 
the  called  and  calling  parties  can  talk  to  each  other. 


Exercises  (628): 

I.  Which  XY  connector  relay  must  rc^^ 

for  the  connector  to  connect  the  calling  telephone 
widi  the  called  telephone? 


2.  How  does  the  calling  subscriber  know  that  the 
selected  telephone  is  being  rung? 


3.  What  XY  conncj^tor  relay  receives  ac  arid  dc  while* 
the  corinector  is  connecting  to  the  called 
telephone  for  the  calling  telephone  subscriber? 
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4.  What  XY  connector  relay  provides  dc  to  the 

called  telephone? 


5.  identify  the  operated  XY  connector  relays  whose 
contacts  make  the  circuit  over  which  the 
^conversation  is  held. 


6:  What  XY  connector  relay  provides  dc  to  the 
calling  telephone? 


629.  Give  those  coanector  conditions  and  actionaf 
Which  releiisc  the  XY  equipment  folloWihg  call 
cbiiipletibii.  ' 

Connector  Release  After  Cbhipletioh  of  Call,  The 

cpnncctoi^ will  not  release  until  both  the  calling  and 
called  parties,  have  "disconnected.  _ 

If  the  caJling  pirty  disconnects  first,  relays  CB  arid 
Rp_rclcasc;  biit  relays  AB,  RT,  and  SW  remain 
operated.  If  the  called  |>artyLdisamnects  firiu  relay  AB 
releases*  and 'relays  CB,  RD,  RT,  and  SW  remain 
operated.  The  release  procedorc  for  ^rach  of  these 
conditions  is  described  in  the  paragraphs  which 

folloy^-     _    1  _   

Calling  station  discnnn^cts -first.  During 
trarisihisaipn,  relays  AB,  CB,  RD,  RT,  arid  SW  are 
operatcxl.  Relay  CB  is  rel^sc^  ^.^P^'^ing  the  T  and  R 
loop  at  the  cailing  station^  Contacts  5^4  of  relay  CB 
open  the  circuit  to  relay  RD.  Relay  RD,  a  slow-to- 
t^lcsst  relay,  rel(»s8  after  a  short,  period  of  time  to 
perform-  the  following  functions.  Contacts  21-22 
further  bjpwri  the  ST  l<»d  to  supc^^ 
Contacts  25-26  prepare  the  circuit  for  the  Z  magnet. 
This  circuit  wjli  be  closod  when  relay  SW  reldisei. 
Cont^itt  3-4  remove  the  gro  ^P\^'^. 
preceding  equlpm^t,  releasing  the  lineftHder  and  line 
equipment^  so  that  the  calling  station  nnay  initiate  a 
nw  caH  lY  daii^.  Cdriti^  6-7  remove  jpround  from 
the  bd  winding  of  relay  RT  and  the  ac  winding  of  relay 
SW,  but  both  of  thoe  relays  remain  operated  by  their 
other  path  to  ground  thipi^  the  8-TcontacQ  ofrelay 
AB.  Contacts  6-5  complete  the  circuit  to  reoperate 
relay  XD._ 

i_  ^^^y  J^P?F*^  con^plcts  a  drcuit  for 
relay  BT.  In  operating,  contacts  3-4  of  relay  BT  supply 
ground  over  the  S  lci«i  to  the  rotary  sw^^ 
'  marking  the  bank  busy.  They  also  prevent  Ae  allottcy 
from  seizing  the  tlnefinder  until_the_conhcctor 
completely  releases.  Reliys  /^B,  XD,  RT,  BT,  arid  SW 
remain  operated  ufider  the  control  of  the  odled  station 
until  that  station  discbnncxrtt,  at  which  time  the  T  and 
R  loop  between  the  connector  and  tlRe  called  staUbri  is 
openol  tO/relcase  relay  AB.  Continrts  7-8  of  relay  AB 


open  ihc  eircuii  to  relays  XD.  RT.  arid  SW  Relays  RT 
arid  SW  release  tlrsi,  fblldwcd  by  relay  XD.  which  is  a 
slow- lo- release  relay;  The  contacts  ot  relay  RT 
pcrtbrm  no  iriiporiarit  furictidri  during  the  release 
bpcraiioiv  Relea^  of  relay  SW  compieici,  through  i^ts 
27-28  conucts,  the  operating  circuit  of  the  Z  magnet. 
Contacts  21-22  of  relay  SW  open  the  circuit  to  relay 
BT,  which  releases.  •  : 

*  Contacts  4-5  of  the  Z  mafpriet  supply  ground  over 
the  S  lead  to  the  preceding  equipmait,  riiark^^ 
busy.  Theswitch  wipers  restore  to  Y  normal  and  then^^ 
to  X  normal  As  spon  as  the  X -ON  spring-tx)jitacts 
restore,  the  Z  niagriet  operating  circuit  is  ojxsri*^,  arid 
the  Z  ma^et-releasiS  (r«tora).  During  the_time  the 
switch  is  rcitoring  to  normal,  relay  XD  release,  but  its 
contacts  pHcrform  no  irtijwrtant  furictibri  a^  this  time. 

Called  station  disconnects  first:  When  the  called 
station  opens  the  T  and  R^loop,  before  the  caHihg 
statiori  discbnriects,  relay  AB  in_ the  cdnnectqr  w^fll  be 
the  fint  relay  to  release,  operating  its  con  tacts,  as 
follows:  Contacts  7-8  remove  ground  from  relays  RT 
arid  SW^  which  do  riot  release  because  they  have  an 
added  ground  circuit  throa^  the_7-6  contacts  of  relay 
RD  ^Rciay  CB,  RD,  RT,  arid  SW  reriiain  operated 
uridcf  the  <x)itti-bl  of  the  calling  station  until  it 
disconnects  after  the  called  station  has  disconnected 
firs^  When  the  caUol  station  discdriri«?ts  urider  the*e 
aanfiitibns,  Uic  fo  taka  pl^ce. 

Corjtacts  4-5  of  relay  CB  open  the  circuit  of  relay  RD, 
releasirig  it.  When  relay  RD  releases,  its  contacts 
o|>cnue  as  follows:  Contaca  2lj22  further  open  the 
circuit  to  the  common  suj^rvisory  equipment. 
Contacts  25-26  prepare  the  cirqiit  to  the  Z  magn 
This  circuit  will  be  closed  when  relay  SW  releases^ 
Contacts  3-4  remove  the  ground  from  the  S  lead  to  the 
preceding  cqiiipi^ent.  This  j3«rmits  the  linefindcr  and 
line  equipment  to  release:  Contacts' 6-7  open  the 
circuit  to  rdays  RT  and  SW,  so^  that  both  th«c  relays 
relesu^  at/Sti|nt^  i^'nc^  Af?^. 

reieasei,  its  contacts  perform  no  important  function. 
When  relay  SW  pleases,  its  cbritacts  perform  the 
fbllbwirig_to«ibi^^^  Cbntactt_21  -22  rexnove  the 
^oond  from  the  S  lead  of  the  terminating  circuit.  Thus 
the  called  station  is  now  no  loriger  marked  busy  arid 
9§?Li^^cciyc  or  origiM^  calls.  Contacts  27-28 
complete  the  circuit  to  the  Z  ma|piet.  As  the  Z  magnet 
operates,  its  4-5  cbritacts  supply  ground  over  the  S  lead 
to  the  pt'ec^ng  equipment,  marking  it  b^y:  The 
switch' wipers  restore  to  Y  normal  and  then  to  X 
ribrriial.  As  sobri  as  the  X- ON  spri rig  <x>ri tacts  restore, 
the  Z jnsqpiet  operating  circuit  is  opened,  and  the  Z 
rnagnet  rel^uies^  While  the  switch  is  restoring  to 
ribrmal,  relay  XD  relea^;  but  its  contacts  perform  no 
important  ftmction  at  this  time. 


Exercises  (629): 

i.  When  the  calling  station  disconnects  fint,  which 
XY  connector  relays  release  and  which  relays 


remain  operated  until  the  caHed  station 
disconnect^? 


2.  When  the  caiied  suiioR  diKsonneets  first,  which 
XY  connector  relay  releases  and  which  : relays 
i^emain  operated  until  the^  calling  station 
disconnects? 


3*3.  TitNiBleshc^ling  the  Connector 

Yby,  ^have  ^Pirlh^t  cdttnectdrs  cdmplctc  the 
oonncctrons  whfch  permit  the  conversations  between 
sut^ibers.  It  is  evident,  then,  that  these  connectors 
requite  effective  maintenance  if  the  circuiis  are  to  be 
of  good  quality  and  most  system  tisers  are  to  be 
sati^ied. 

We  have  rioted  tha^l  maintenance  is  mq^^ 
when  the  repairmen  understand  the  system's 
construction  and  its  operating  principles.  You  should 
Mvc  little^  difficUjty  in  understanding  tlje  XY 
conneaor  maintenance,  because  you  have  stuciied  the 
Strbwgcr  system  and  the  XY  lirirfirider  and  sclcctbr, 
which  function  in  a  similar  manner  and  require  simflar 
procedures.  K^ing  the  relays  and  switches  clean  is 
the  most  , important  single  task  for  keeping  the 
switchjrig  equipmqnt  operating  properly.  Dust  on  these 
components  not  only  prevents  the  relays  from 
functioning  and  the  switches  from  stepping,  but  it  also 
caiises  circuit  (^teric^atlDn.  To  maintain  these  units, 
use  the  applicable  preventive  maintenance  workcard 
set.    _  _  L 

To  locate  the  sample  connector  trouble  we  are 
providing,  we  emphasize  use  of  systematic  procedures. 
Of  course^  what  eacb  of  you  use  in  doing  the  cxcrciises 
may  vary  from  what  is  usW  in  our  prehminary  sample. 


630.  Given  a  representiitive  XV  telephone 
equipment  trouble  .^Wiptbm^  lise  the  cbiinect.or 
diagrams  in  this  chapter  as  necessary  lo  determine 
and  idenlffy  probable  trbuble(s)  and  some  proper 
corrective  procedures. 

Several  subscribers  have  reported  they  had 
difficulty  holding  a  cbrtverwtiqn  bc^ 
know  now  that  one  connector  may  have  served  each  of 
these  subscribers.  Furthermore,  they  probably  made 
dthei*  satisfactory  calls  which  were  cqmplet^  ^  oMl^r 
connectoi^:  You  could  ask  each  of  them  foi*^^  this 
additional  information,  but  there  is  rib  reason  for 
delaying  the  further  testing  whi^ 
are  you  checking  for?  Noisy  transmission  is  osualiy 
caus^  by  poor  c»nhccti6ris--'--cbrds,  jii^pc  or 
contacts.  And  since  we  are  cqhojrpts^^  with  mside 
plant,  the  probable  trdtble  is  linefinder  relay  or  switch 
contacts,  selector  relay  pr  switch  contacts,  or 
cdhhectdr  relay  or  switch  «>ti^cts.  Wc»ui^^  for  this 
trouble  we  are  limiting  it  to  a  connector  in  the  group 
of  connectors  that  serve  these  particular  subscribers. 
ypp  Y^lll  conneaor  in  the  group 

and  look  for  poor  connections.  Looking  at  text  figure 
3-3,  you  should  recognize  that  the  contacts  to  inspect 
ihcludc  2  and  3  and  5  and  6  of  relay  AB,  4  and  5  and  7 
and  8  and  23  and  24  of  relay  SW  and  the  tip  and  ring 
wipers. 

Exercises  (630): 

Use  the  te xt  i  ri fo rmatiq h  jmd  appi  icablc  d  lagram  to 
determine  probable  troubles  for  the  listoJ  trouble 
symptoms.  Give  an  appropriate  action  for  eliminating 

each  syniptom. 

 #   ____ 

1 .  Called  telephone  doesn't  rmg. 


2.  Connector  fails  to  trip  ringinj. 
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CHAPTER  4 


Alarnij^Supervisory,  R>wer 
and  Ringing  Equipment 


YOy  HAVE  studied  the  Automatic  Elearic  circuiB 
on  aianm,  supervisory,  power  and  ringing  equipment^ 
The  XYi:ircuits  arc  very  similar  to  and_funclion  in  the 
same  manner  as  the  AE  cjrcuits.  The  XY  cferitral 
office  <^aipvnent  is  furnished. with  numerous  alar^ 
and  supervisory  circuits  to_  indicate  any  abnornial 
conditions  that  may  occur.  The  alarm  and  s^iy)crvTOr|^ 
circuits  are  daigned  to  alert  you  with  an  audible 
and/br  visual  signal,  the  typNe  of  fault  and  its  general 
location  in  the  equipttient.  The  j»wer  cqUipir^^^^^ 
provids  the  meters.  Th^  indicate  the  charge  and 
dischai^e  current  of  the  office  lottery,  the  office 
voltaic  arid  circuit  brcakcre  iri  Uic  ctergc^nd 
discharge  circuits.  The  ringing  equipment  is  designed 
to  generate  ringing  and  tone  volti^o.  The  interruption 
of  these  vqllag«  amd  t^  ^^^9^ 
pulses  necessary  for  the  operation  of  the  exchange  is 
accomplished  by  the  motor  driven  interrupter 
machine.  It  is  obvioiu  that  a  good  understanding  of  the 
alarm,  supervisory,  power  and  ringing  equipment  is 
CMcntial  in  your  job. 

4-1.  Purpose  of  Alarifi  and  Supervisory  Circ^^ 

This  siKtion  attempt  to  explain  the  alarrn  and 
supervt^p  circuits  us^  in  ah  XY  central  office. 

$3i.  Concerning  ^ncral  aiarm  and  supervisory 
eqii jmcnl  cpiidi  |ioiii«  list  Iwo  cljuoes  of  al  arm 
condition,  and'lhcjHidibU  aivm  for^ariora  typical 
conditions^  give  tlie  locations  of  group  and  two 
si  fniU  for  al  arm  and  cbnijf|on  sii  jierv  isory 
cqoipmrat,  and  identify  tiie  visinj  sigind  color  when 
a  heat  coll  blows.  Also,  imnie  that  for  which 
^^■nlP^  su|MrviMKy.^guipine^^  terminiitioii 
poi^.  Ght  the  location  of  that  equipment. 

^eiieral  Re^i reinehls  for  Al^^^^^ 
Supervisory  Equipment.  The  first  requirement  for  an 
alarm  system  is  to  identify  and  indicate  the  class  of 
eqUipmenl^  alarm.  Iriithc^XY  cqiiipmcrit  itjs  cither 
"emergency"  or  "nonemergency."  The  emergency 
cla^  of  atarm  is,  as  the  name  implidi,  an  emergency 
a>riditidri^  in  the  equipmerit.  and  corrective  action 
must  be  immediate  and  positive:  The  emergency  alarm 
is  identified  by  a  bell,  buzzer,  and  red  lamps.  The 


second  class  of  alarm  is  the  ribnemei^ericy.  Apiri,  the 
term  implies  that  a  malfunction  has  occurred;  but  jt 
should  not  impair  the  functions  of  the  office, 
Hdwever,  this  class  of  alarm  should  alw  fc«  clc^^^ 
immediateiy:  The  nonemergency  aiann  is  identified  by 
a  buzzer  and;  white,  green  or  red  lamps.  two 
claJscs  of  alarms  arc  s[mi  lar  to  the  itmj^^^  arid  mi  rib  r 
alarms  you  studied  in  the  Strowger  step-by-step  office: 
The  second  requirement  is  to  identify  the  Ickratioh 
of  the  «iuipmcrtt  that  has^  the  abriojtnal  ^dnditib 
This  is  called  the  supervisory  circuit  and  is  made  up  of 
group,  row  arid  shelf  supervisory  equipment.  When  a 
itiajfuricUori  Dccu^  ipjht  <siuipmcrit,^hc  supervisory 
circuits  control  the  lamps  that  direct  the  maintenance 
person  to  the  shelf  of  equipment  that  is  in  trouble. 
llie^Jamps  are  located  on  the  various  components  of 
equipment  throughout  the  central  office.  The  firsl  set 
of  larhpa  to  be  cdrisidered  are  located  at  the  top  of  the 
powcrboard,  in  the  group  supervisory  ,^panel:^  The 
nimibeiL_of  sets  of  lamps  wiJi  indicate  the  size  of  the 
office.  There  is.  one  set  of  lamps  per  1000  group  of 
linci,  with  three  lamps  for  each  group  of  equipment,  as 
follows:  _ 

•  Equijjrherit  alarm  (Green). 

•  Fuse  alarm  (Red). 

•  LF  Start  (Clear). 


The  next  set  of  lamps  are  the  row  supervisory 
l^|».  These  are^lqcatcd  on  the  end  of  a  row  of  bays 
and  are  reel  lamps  indicating  which  side^of  the  row  the 
malfuhctioh  isori-^ither  right  or  left.  Each  shelf  has  a 
supervisory  circuit  plate  and  a  fuse  panel,  with  the 
lamps  mounted  in  each,  to  indicate  the  malfunctioniilg 
equipment. 

We  have  discussed  briefly  the  group,  row  and  shelf 
supervisory  circuits.  These  circuits  are  under  the 
control  of  the  cbmmbn  supervisory  circuit.  The 
common  supervisory  equipment  serves  as  a 
termination  point  for  alarm  indications  from  the  XY 
dial  switchirijg  c^Uipmcrit.  jx)werbbard.  relay  racks, 
attendants*  switchboard,  and  the  main  distributing 
Frame.  The  coinmori  supervisory  panel  is  mounted  in 
the  jwwccbbard^  '  , 

Alarm  Conditions.  The  following  is  a  list  of 
emergency  and  nonemergency  alarm  conditions  and 
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ihc  visual  indioiiions  the  maintenance  person  wiii 
receive: 


e.  B  allotter  fails. 


Ciass  of  Alarm    Alarm  Conditkm 

Ejnergenc>        Commoa  Ftoe 
Law  Voltage 
^  AUbtter  Surt 

Nonemerfcncy  Equjpmeni  Rdeasc 
Individual  Fuse 
,  V  Heal  Coii 


E^ercises.(631): 
1 .  Name  the  two  cla^  of  alarms. 


Alarm 

Of  lay  K*^/ 
Timti  Signal 

0 
0 

2-4  min 
3.9  1 

0 

0 


Red  tamp 
Red  Lamp 
Red  Lamp 
Green  Lamp 
Red  Lamp 
Clear  Lamp 


7.  The^  common  supervisory  equipment  is  the 
termination  point  for  what? 


8.  Give  the  location  of  the  common  supcrvisor>' 
equipment. 


2-  State  the  two  signals  which  identify  alarm 
conditions.  ^ 


4-2.  Alarm  and  Sapervisbry  Ciroiit  Operation 

The  following  is  an  explanation  of  the  alarm  and 
supervisory  circuit  operations. 


3.  Where  is  the  group  supervisory  equipment 
located? 


.  4:  AVhen  a  heat  coil  blows,  what  colpr  will  the  visual 
signal  be? 


5.  Where  is  the  common  supervisory  equipment 
located?  ^ 


6.  List  in  mihuies  or  s^nds,  the  length  of  time  used 
to  brif^  in  an  audible  alarm  for  the  following 
conditions: 


a.  A  allotter  fpse  blows. 


b.  tinefinder  fuse  blows 


c.  Selector  fails  to  relcascx- 


d  Heat  coil  blows 


632.  Uslng^foidout  4's  common  siiperyisbry  circuits 
schematic  diagram  Is  re^  the  commbii 

equipment  comrDited  by  that  circuit. 

Commbii  £<luipniehl  _StaH^  The  comjnon 
supervisory  circuit  provides  a  common  starting  point 
for  the  interrupter  circuiu  ringing  control  circuit  and 
tone  generator  circuit.  When  there  isjid  <temand 
service  on  the  central  office,  the  interrupter,  ringing, 
and  tone  circuits  arc  off.  However,  in  larger  offices 
these  circuits  ar^  in  opcititioh  cdntijiudusly  any 
demand  for  service  is  initiated,  a  ground  is  extended 
from^at  particular  circuit  id  the  common  cdntroJ  on 
the  ST^or  STl  Lwds. 

Demand  for  service.  When  a  subscriber  go^  off- 
hobk,  the  SA  and  day  in  the  allotter,  shown  on  foldput 
4,  (found  in  ^separate  inclosure),  chooses  a  grouTid  to 
the  ST  iead  trough  contacts  1  and  2.  This  happens 
when: 

a.  Relay  ST  operates.  Conucts  1  and  2  close  the 
hold  circuit  to  itself  on  the  H2  lead,  which  has  ground 
oh  it,  except  for  about  6  seconds  out  of  ever^'  2 
minutes.  * 

^  Contacts  3  and  4  close  the  ground  to  the  interrupter 
dHiMit. 

Contacts  5  and  6  start  the  subcycle.  for  ringing: 
Contacts  7  and  8  close  the  circuit  to  the  tone 
(^Jbrieraibr. 

This  condition  will  continue  until  the  demand  has 
been  removed.  This  may  be  caused  by  the  call  being 
completed  or  ihe  jubscribcr  s  having  hung^  up.  When 
either  or  both  happen,  the  ST  relay  stays  operated  until 
the  ground  is  removed  by  the  H2  cam  oh  the 
inicrrupicr,  which  causes  ST  to  release^ 

b.  Relay  ST  releases.  Coniacis  1  and  2  open  the 
hold  circuit. 

Contacts  3  and  4  shut  down  the  inierrupjer. 
Contacts  5  and  6  open  the  ringing  machine  circuit 


Mi!?' 

Exercise  I<I32): 

i.  Name  the  common  equipment  that  is  controiied 
by  the  common  supervisory  circuit. 


(133.  Using  foidoms 3,  4, and  rscommon, shelf,  bay 
and  group  supervisory  schematic  diagrams  as 
required,  identify  the  equi^enl  operated 
specified  alartra  by  listing  the  indioitioiB  or  relays 
involved;  slating^  whai  determines  a  common  fiise« 
how  to  determine  flise  Idcalioh  in  a  row  of 
^Vif^^'*'*J?  oper^or's  action^t  night  when  a  low- 
volfage  alarm  occurs,  the  voltages  on  which  the  BV 
relay  in  the  commbh  supervise  _l>9l^  ancl 

releases,  the  classes  of  alarm  produced  by  a  heat  coil 
failure  or  an  indlvldiiai  fine  failure,  and  the 
supervisory  equipment  requirfd  ^nierjl^nfy 
aiarni  condition;  and  giving  the  purposes  of  the  low- 
voliage  alarm  and  the  release  alarm* 


Cbfhmbn  Fuse  Failure.  A  fuse  that  furnishes 
current  to  more  than  one  circuit  is  cjassijlcd  as  a 
'common"  fuse.  The  line  circuit-ki  a  linefinder  shcjf 
has  a  commdh  fuse.  If  one  of  these  fuses  blows,  twenty 
cij^c^Utts  ^dme  inoperative;  thtis,  classifying  it  as  an 
eftitrgency  fuse,  _ 

When  a  commpri  fu^  blow,  sec  folddms  4JuTd  5, 
found  in  a  se[»rate  tnciosure,  in  a  Linefinder  Shelf, 
negative  battery  from  the  battery  distributipn  circuit 
would  flow  through  the  bloWTi  fu^,  the  EM  fUsc^alarm 
lamp  and  oat  the  EFA  le^  to  the  Row  Supervisory 
Equipment  {FO  4,)  through  the  lower  winding  of  the  * 
C  or  D  relay,  ouf--ihc  EFA  Jcad  to  ^j^c  Comm^ 
Supervisory  Circuit  (FO  5)  through  the  ca  winding  of 
relay  EF  to  ground  at  punching  49.  This  follows: 

ReTay  C  or  D  qperdies.  If  the  fu^  is  indpcratiye  on 
the  left  side  of  the  bay,  relay  C  operates,  closing  its 
contacts  I  and  2  to  complete  a  circuit  for  the  row  pilot 
lamp  bri  the  left  side  of  the  bay. 

Relay  £f  operates.  Contacts  I  and  2  close  a  circuit 
to  the  fuse  lamp  on  the  common  supervisory  panel. 
Contacts  3  and  4  close  a  cir^^^       ^'cJay  E. 

Relay  E operuies.  ConiaLCts  I  and  2  is  associated  with 
figure  10,  Automatic  Audible  alarm  cutoff  is  not  used 
in  the  ySAF  XY  exchanges;  therefore  it  will  not  be 
discussed. 

Contacts  3  and  4  closc  a  circuit  to  the  emergency 
alarm  lamp  and  bell  (FO  4,  fig.  2)  in^thc  extension 
alarm  located  on  the  switchboard. 

Contacts  6  and  7  close  a  circuit  to  the  buzzer 
(normally  this  is  a  b^ll,  because  it  is  an  emergency 
alarm)  that  signals  the  maintenance  person. 

If  the  mairiteriahce  person  desires  to  s  lie  rice  the 
alarm  until  the  fuse  is  replaced,  he  operates  the  alarm  \ 
cut-off  key.  The  operation  ol!  the  alarm  cut-off  by  the 
maintenance  personnel  (FO  4.  fig.    I )  or  the 


switchboard  operator  (same  foldout,  fig.  2j  gives  a 
path  for  relay  CO  to  operate. 

Relay  CO  opemies,  Coniacis  \  and  2  open  the 
circuit  to  the  bells  in  the  extension  alarm  (FO  4,  fig. 
2)..   

Contacts  3  and  4  open  the  circuit  to  the  buzzer  in 
the  exchange.  _ 

Contacts  4  and  5  give  the  CO  a  holding  circuit  when 
the  defective  fuse  is  removed  it  opens  the  circuit  to 
relay  C  or  D  and  relay  EF. 

Relay  C  or  D  release.  Contacts  I  and  2  open  the 
circuit  for  the  row  pilot  lamp. 

Reiay  Ef  releases.  Contacts  1  and  2  open  the  circuit 
to  the  fuse  lamp  on  the  common  supervisory  panel. 

Contacts  3  and  4  dpcn  the  circuit  to_ relay  E: 

Relay  E  releases.  Contacts  3  and  4  open,  removing 
the  ground  from  the  EM  alarm  lead  going  to  the 
extension  alarm,  causing  the  emergency  red  lamp  to  go 
out.  . 

Contacts  6  and  7  opeh>  breaking  the  hold  circuit  for 
relay  CO. 

tow'Voilage  Alarm — Common  Supervisory 
Circuli*  This  discussion  covers  a  low-voltage 
cdhditibh  and  ihc  cxjension^  alslm  relay 
monitors  the  exchange  battery  voltage  continuously. 
This  relay  is  adjusted,  to  release  on  45.5  volts  and  to 
hold  dpHcrated  oh  46.5  volts.  Its  operating  path  is  from 
negative  battery  at  the  contacts  of  the  CAb  switch, 
through  the  ac  winding  of  relay  LV,  resistor  R-2, 
jwtchiibmcter  P- 1  ,  and  resistor  R-l  to  ground.  When 
the  voltage  drojw  below  45.5  volts,  the  LV  relay 
release.  At  this  point: 

Retay  L  V  reiease^.  Contacts  1  and  2  cjose  a  circuit 
to  relay  VB, 

Relay  bp^ra/w.  Contacts  I  and  2  close  a  circuit 
to  the  low-voltage  alarm  lamp  on  the  supervisory 
pane]. 

Cbhtacts  3  and  4  open  the  circJiit_to  the  sidw-td- 
operate  VA  relay:  The  slow-to-operate  feature  also 
makw  it  slow-td-rclcasc. 

Cdritacts  4  and  5  close  a  circuit  td  relay  E. 

Reiay  E  operates.  Contacts  3  and  4  close  a  circuit  to 
the  emergency  alarm  lamp  and  bells  (FO  4,  fig,  2)  in 
the  extension  alarm  located  dn  the  switchboard: 

Contacts  6  and  7  close  a  circuit  to  the  buzzer 
located  in  the  frame  room.  / 

If  the  jrduble  dccurs  on  the  mght  shift  or  anytime 
when  there  are  no  maintenance  personnel  on  duty,  the 
switchboard  opHrrator  pushes  the  nonlocking  cutoff 
key  to  silence  the  bell.  She  notifies  the  responsible 
personnel  of  the  condition.  The  operation  of  the 
cutoff  key  gives  relay  CO  an  operate  path.  

Reluy  CO  operuies.  Contacts  I  and  2  open  the  TAt 
lead  making  the  bells  in  the  extension  alarm 
iribpcrativc. 

Contacts  3  and  4  open  the  circuit  to  the  buzzer  in 
the  exchange. 

Contacts  4  and  5  give  the  CO  relay  a  hold  circuit  to 
contacts  6  and  7  of  relay  E. 
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While  the  operator  is  accomplishing  all  of  this, 
relays  in  the  exchange  cbhtihue  to  operate  and  relc^ 
When  we  left  relay  VA,  it  was  on  slow  to  release: 

Relay  VA  releases.  Contacts  1  an^^^closc  giving 
^  relay  E  in  alternate  ground  which  ij  will  hoed  later. 

Conuct^  3  and  4  cl<wc  a  circuit  to  relay  LV 
shunting  resistor  R- 1  ^nd  the  potentiometer  P- 1 . 

Relay  LV dpertiifs,  Cohtaos  1  and  2  o^ri  the  circuit 
to  relay  VB  and  it  go«  on  slow  to  reicsc: 

Relay  VB  releases^  Contacts  1  and  2  open  the  circuit 
to  the  IdW'Vpltage  alarrh  lamp.  _  _ 

Contacts  4  and  5  open  the  original  operate  circuit 
to  relay  E,  but  it  remains  operated  from  a  ground  at 
contacts  1  arid  2  of  relay  VA  which  is  released^ 

Contacts  3  and  4  close  a  circuit  to  the  slow-to- 


operate  VA.  ^ 


R^iay  VA  PP^o(f^'  Con^  *  2  open  the 
circuit  to  the  slow-to-releasc  E: 

Contacts  3  and  4  open  the  shunt  circuit  that  was  oh^ 

relay  LV.         _   -  ______      _  _______  - 

Ifthe  voioige  has  increas^  to  above  45.5  volts^the 
tV  relay  win  remain  operated.  If  the  voltage  has  NOT 
increased,  the  LV  relay  vwulcy-elcaw^^  a  circuit 

to  relay  VB.  Relay  VB  reoperates  before  the  slow-to- 
release  time  is  deplete  oh  relay  E.  Thus,  the  alarm 
signals  stay  on  until  the  trouble  is'^^  a 
low-voltage  condition  relays  tV,  VA,  and  VB  will 
continue  to_pulsc.  The  alarm  sounds  cphtinuously, 
unless  ciit  off,  and  the  low-voltage  lamp  flashes. 

Reic»e  Alarm  (C^iay  Alarm).  When  a  release 
magnet  operates  and  the  switch  mechanically  fails  to 
returii  ta  normal,  a  groiifid  is  on  the  R>\  lead  in  the 
Shelf  Sapervisoi7  Circuit  S-50275,  seen  in  foldout  5, 
figure  2-2A  or  3,  depending  on  which  switch  failed. 
The  RA  relay  in  one  of  the  flgures  would  operate.  This 
then  occurs:  _  \ 

Relay  RA  operates.  Contacts  5  and  4  place  a  gi^ouhd 
on  the^PC  lead  to  operate  the  peg  count  meter:  \ 

Contacts  1  and  2  close  ihe  circuit  through  the  RLS 
(release)  lamp^  out  the  DA  lead  to  the  Commj^n 
Supervisory  Circuit,  through  contacts  5  and  6  and  the 
CA  winding  of  the  DA  relay.  \ 

i  ReU^  DA  optrafes.  Contacts  5  and  6  close  the\ 
circuit  to  the  interrupter.  ^  \ 

Contacts  3  and  4  prepare  a  )K)ld  circuit  to  DB.JJ^r  \ 

Cbnucts  I  and  2  connect  the  PU  lead  to  t^e  DB  ■ 
relay.  -    -  Ji 

When  the  PU  pulse  arrives,  sometime  in  tl^  next  3 
seconds,  DB  operate.  / 

Relay  DB  operates.  Contacts  I  and  2  coifipiete  the 
holding  circuit. 

Conucts  3  and  4  connect  the  ECP  lead  to  the  DC 
relay*   

When  the  ECP  pulse  arrives,  sometime  in  the  next  6 
seconds,  DC  operates. 

Relay  DC  operates.  Contacts  5  and  7  close  a  hold 
circuit  to  ground  on  the  DA  lead. 

Contacts  5  and  6  open  the  circuit  to  relay  DA. 

Contacts  I  and  2  light  the  equipment  release  lamp. 
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Contacts  3  and  4  place  a  ground  oh  the  NEM  lead 
to  the  switchboard  and  the 

Relay  DA  release^:  Contacts  1  and  2  open  the 
operate  circuit  to  DB. 

Contacts  3  and  4  open  the  hold  ci^^^ 

Ccuitacts  5  and  6  open  the  circuit  to  the  interrupter: 

RAay  DB  reledses,  Contacts  1  and  2  open  the  lock 
path  to  itself.     i  _ 

Contacts  3  and  4  open  the  ECP  lead: 

The  DC  relay  will  remain  operated  until  the  switch 
has  been  relcas^.  This  will  remove  the  ground  off  of 
the  DA  lead: 

Relay  DC  releases.  Contacts  5  and  7  open  the  lock 
circuit  to  itself. 

Contacts  6  and  5  connect  the  DA  lead  to  the  DA 
rela^. 

_  Cpn^cts  1  and  2  open  the  circiiit  to  the  green  lainp 
on  the  power  board: 

Contacts  3  and  4  open  the  circuit  to  the  white  lamp 
bh  the  swi tch bwd^n d  the  buzzer^  

The  release  alarm  is  now_back  to  normal..  Notice  a 
delay  of  0  to  3  wonds  for  DB  to  operate  and  a  d^lay 
9f3jp  6  s^nd^s  for  DC  to  derate.  The  audible  alarm ^ 
sounds  sometime  between  3  and  9  seconds. 

Nbhemergehcy  iMise  Alarm. JUse  figure  l__in  the 
shelf  supervis5fy  circuits,  foldout  5,  as  you  proceed 
here.  Assume  that  ^ne  fuse  fails.  Battery  is  sent 
through  the  broken  fuse  and  the  r^Jamp  to  the  FA 
lead  through  the  F  relay  in  the  Common  Supervisory 
circuit  to^e  ground. 

Relay  F  o^rat«.  Coh^^  1^  and  2  place  a  ground 
on  the  red  lamp  in  the  power  board.   

Contacts  3  and  4  place  a  ground  dh  the  NEM  lead 
to  the  attendant's 

When  the  fuse  is  cleared,  relay  F  releases  and  turns 
off  the  lamps  and  the  buzzer. 

EmeiSciicy  figufe  1 3, 

in  the  shelf  supervisory  circuit  as  you  proceed  here. 
Assume  that  one  fuse  fails  placing  a  battery  oh  the 
EFA  lead  to  the^omm^bh  Siy^s^^  circuit  caiising 
relay  EF  to  operate.  This  happens: 

Relay  EF  operates.  Contacts  1  and  2  close  the  circuit 
to  the  fii«5  laitip^. 

Contacts  3  and  4  close  the  circuit  to  relay  E. 

Contacts  6  and  7  send  ground  through  the  buzzer, 

RetayE  operates.  CotiXBCXs  3  and  4  place  a  ground 
on  the  EM  ALM  and  TAt  leads  to  the  Alarm  Send 
Circuit. 

When  the  broken  fuse  i$.  removed,  the  fuse  lamp  in 
the  shelf  supervisory  circuit  will  go  out,  and  EF  r!eiay 
in  the  «)mmoh  supervisory  circuit  will  release.  This 
will  release  relay  E  and  eliminate  the  remaining 
audible  and  visual  alarms.  > 

ColL  When  a  heat  coil  bca)mesvdef<Ktiy^^ 
places  a  ground  on  punching  i5  of  the  common 
supervisory  circuit  and  gives  the  HC  relay  ah  operate 
path.  The  circuit  recognize  th|s  as  an  emergency 
alarm,  although  it  is  a  nonemergency  condition. 
Therefore: 
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Reipy  H€  operates.  Contacfe  i  and  2yciose  a  circuit 
to  the  heat  coil  lamp  on  the  comtnph  supervisoi^ 
pancL 

Reiay  E  operates.  Contacts  3  and  4  close  a  circuit  to 
the  emci^cnfy  alarm  lamp  bells  (FO  4,  fig.  2)  in  the 
cxtensjdn  alarm^ 

Contacts  6  and  7  close  a  circuit  to  the  buzzer  to 
signal  the  maintenance  personnel. 
__:W_^^h  thcJ1j»t  cm  or  rejjiaced,  the 

ground  is  removed  from  punching  15,  opening  the 
circuit  to  relay  HC 

Reiay  HC  releases:  Contacts  I  and  2  open  the  circuit 
to  the  lamp  on  the  supervisory  panej. 

^^py 3J'yJ^^^^  Contacts  6  arid  7  open  the  circuit 
to  the  buzzer. 

Emer^ncy  Slarl  Fail.  Assume  that  twelve  of  the 
finders  jn  a  given  shelf  are  busy  arid  that  the  two 
remaining  finders  wilt  not  hunt  because  of  mechanical 
failure.  The  SAJ relay  in  the  allotter  operates,  and  its 
CO rt tacts  3  arid  ^  plac e  ajgro U rid  on  th e  EM  Fa i I  lead 
via  the  EM  ST  |^Ait  lamp:  This  ground  is  sent  toihe 
common  supervisory  circuit  and  to  the  SA  relay.  At 
this  pdirit:   .  _ 

Relay  SA  operates.  Contacts  3  and  4  connect  the  SB 
relay  to  the  Time  Pulse  One  lead. 

Coritacts  1  arid  2  partially  coriiplete  a  hold  path  to 
SB. 

Within  the  next  2  minutes  a  ^ound  will  appear  oh 
the  TPI  lead  causirig  the  SB  relay  Jo  operate. 

Relay  SB  operates.  Contacts  3  and  5  close  the  hold 
path- 

Contacts  3  and  4  oj>eri  the  original  operate  path. 

Contacts  1  and  2  connect  relay^SC  to  the  TP2  Jead. 

Abound  will  appear  oh  the  TP2  lead  in  1  hiinute 
and  54  seconds,  Oiiising  SG  to  operate. 

Relay  SC  operates.  Contacts  3  and  4  start  the 
emergency  alarnri  sequence. 

Contacts  5  and  7  hold  the  SC  relay  U3  the  ground 
being  supplied  by  the  SA^  relay  in  theJHotter. 
^  Contacts  5  arid  6  bpcri  the  circuit  SA. 

Contacts  1  md  2  light  tP  ST  FAIL  lamp: 

Relay  SA  releases.  Contacts  3  and  4  open  the  TP! 
i^uJi  _     ^_  _  _ 

Contacts  1  and  2  open  the  lock  path  to  SB. 

Relay  SB  releases.  His  ho  effect  at  this  time.  We 
have  uiM^d  TPI  arid  TP2  time,  which  cdUld  amdUnt  to 
about  4  minutes^  to  bring  in  the  eririergency<ltBrt  bait 
alarm,  Meariwhjle,  the  working  allotter  will  cbatinue 
to  search  for  a  idlejinefindcr.  If  one  of  the  twelve  busy 
Jinefinders  becomes  idle,  thejiemand  for  service  will 
be  pr(xu»sed  and  v/ill  ca^^  relay  to  release.  It  is 
also  possible  to  remove  the  alann  by  replacing  the  two 
faulty  switch^. 

_  When  the  two  bad  switches  have  bctm  rejilaced,  arid 
the  out  of  service  allotter  has  been  transferred  back 
into  service,  one  of  them  finds  the  line.  SA  in  thc 
al jotttr  rclca«»,  removing  the  ground  from  the  EM  ST 
FAIL  lead  and  causing  SC  to  release: 

Relay  SC  releases.  Contacts  3  and  4  remove  the 
ground  from  the  EM  lead. 


Contacts  6,  5;  and  7  prepai'e  the  circuit  for  the  next 
alarm. 

Cdmnidri  Su|>ervisdry  Fuse  Failure.  When  the 
ground  fuse  in  this  circuit  fails;  a  ground  is  extended 
through  the  bidwri  fuse  and  the  E  relay,  causing  the 
same  alarms  as  for  the  low-voltage  alarm. 

When  the  battery  Juse.  fails  in  this  circuit  it 
completes  a  circuit  to  the  EF  relay  through  resistor  R4. 

Relay  EF  dpefat^^  Coritacts  I  and  2  close  the 
circuit  to  the  fuse  lamp. 

Contacts  3  and  4  close  the  circuit  to  the  E  relay, 
starting  prt  ernergericy  alairn  as  already  described. 

Timing  Start.  Any  circuit  that  will  apply  ground  on 
the  ST  1  lead  needs  timed  ground  pulses  and  various 
tbries.  Wheri  a  ground  is  placed  on  the  STl  lead,  the 
ST  I  Teiay  will  operate: 

STl  Relay  operates.  Contacts  3  arid  4  start  the 
interrupter  circiiit. 

Contacts  2  and  I  lock  STl  to  the  H2  lead. 
-  Coritacts  5  arid  6  start  the  tone  generator. 

Normally_  the  tone  geriefator  and  the  ringing 
generator  operate  continuously,  thus  nullifying  the 
coritacts  of  ST  arid  STK  which  are  associated  with 
these  two  generators. 

J^igur^  6jind  9,  foldout  5.  are  not  used  in  military 
offices.  Briefly  the  functibti  of  these  figures  is  to  sound 
an  alarm  on  a  permanent  signal  after  a  30-minute 
delay. 

Figure  7,  folddut^S,  is  used  on  toll  equipment  for 
commercial  purposes. 

Figure  8,  foldout  5.  is  used  on  alarms  for  circuits 
assoc  iatcd  w i  th  to  1 1  rj»tr icti o n  .adapter^  o r  o  ver loaded 
converters.  These  alarms  are  not  normally  used  in  a 
military  office. 

Exercises  (653): 

I .  What  detcrmirics  a  common  fuse  as  compared  to 
an  individual  fuse? 


2.  When  a  fuse  fails  in  a  row  of  equipment,  how  does 
the  maintenance  man  determine  the  location  of 
the  fuse? 


3.  What  is  the  purpose  of  the  low-voltage  alarm? 


4.  What  is  the  purpose  of  the  release  alarm? 


5.  List  the  visual  indications  for  a  nonemergency 
fuse  alarm. 
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6.  List  the  visual  indications/for  a  «mergency  fuse 
alarm.  \  ' 


7.  What  does  the  switchboard  operator  do  when 
there  is  a  low-voliage  alarm  at  night? 


8.  List  the  relays  that  operate  when  the  alarm  cut-off 
key  is  operated. 


654;  Given  representative  afarm  and  supervisor^ 
equipment  trodble  symptdms^  using^  foldouts  3,  4, 
and  S^s  MTheittatic  dlagrjiiiis  necessary,  determine 
the  probable  causes  and  the  proper  corrective 
actions  needed  in  each  situation. 


Exercises  (634): 

1.  Many  alaitn  cq  J^l^vc Jb«n  cxpcncFi 

however,  there  has  been  no  lamp  indi&tions  and 
the  buzzer  has  not  sounded  in  the  cdmmori 

•  supervisory  pancL  W*^]_^^^^  ^  the  possible 
cause?  How  would  you  correct  it? 


9  List  the  alarm  ^indications  when  a  switch  fails  to 
step. 


10.  The  LV  relay  if  the  common  supervisory  circuit 
will 

a.  Hold  on     /  volts. 

b.  Release  on  L  volts: 


11.  List  the  relays  that  pulse  during  a  low-voltage 
condition. 


12.  What  class  of  alarm  will  a  heat  coil  failure 
produce? 


13.  What  class  of  alarm  will  a  individual  fuse  failure 
produce? 


14.  What  supervisory  equipment  is  involved  in  a 
emergency  alarm  condition? 


2.  All  of  the  alarm  lamf»  function,  but  the  buzzer 
will  not  iA^^icatc  emergency  or  ndncmcfgency 
alarms.  What  is  the  cause  and  how  would  you  fix 
it? 


3.  The  low- voltage  alarrn  is  on,  and  the  voltmeter 
-indicate:the  office  battery  voltage  isi2  volts.  What 
are  the  possible  causes  and  corrective  actions? 


A  shelf  of  selectors  has  initiated  a  delayed  release 
alarm.  The  switch  ia  the  selector  will  not  release, 
and  there  is  no  audible  alafe  in  the 

common  *  supervisory  circuit  is  operated.  Relay 
DB  operates  and  released  every  3  seconds.  What  is 
causing  this  and  how  would  you  fix  it?  ^ 
A 


5.  The  17a  amp  battery  fuse  in  the  common 
supervisory  circuit  fails,  removing  battery  from 
the  aiafm  lamptt.  But  the  ted  fuse  lamp,  relay  E 
and  the  buzzer  are  iili  operating.  How  is  the 
baiteiy  supplied  and  from  what  source? 


4^3.  Trbiibleshootihg 

You  have  been  through  troubleshooting  in  previous 
loisons.  Thus  there  seems  little  need  to  discuss  the 
pitjccdufcs  at  this  time.  However,  a  thought  ^t  this 
time  may  be  appropriate.  Your  whole  career  has  b<jen 
directed  along  the  lines  of  keeping  the  telephone 
equipment  ih_good  rjcpair.  This  is  the  area  where  you 
"make  your  money."  Use  the  established  procedures 
and  perform  them  in  a  safe  manner.  This  w^lj  also 
make  your  job  easier. 


6.  During  an  emergency  start  fail  alarm,  the  SA  and 
SB  relays  operate,  and  the  audible  and  visual 
alarms  never  come  on,  _>^^at  is  the  possible 
trouble?  How  would  you  fix  it? 


7.  In  a  small  office,  the  interrupter  runs 
cbntiniiousjy.  Delays  ST  arid  STl^rc  released: 
What  could  cause  this  malfunction?  What  is  the 
corrective  action? 


ERIC 


4-4.  Purpose  of  Power  and  Ringing  Eqaipment 

Yoii  have  studied  the  batteries  and  changing 
equipment  earlier  in  this  course.  The  power  devices 
used  in  XY  offices  are  the  same  ones  as  those  Jthat  are 
used  in  Strowger  or  any  other  telephone  office.  We 
wjll  therefore  only  discuss  the  circuits  that  are 
applicable  to  XY  central  offices  here. 


635.  State  tbe  purpc^  and  the  functions  of  each  of 
the  power  and  ringing  circuits.  Consult  foldouts  6,  7, 
and  8  as  necessary. 

Discharge  and  Distribution.  The  purpose  of  the 
di^hargc  and  distribution  circuits,  shown  in  folddui 
6,  is  to  supply  main  battery  voltage  through  the  circuit 
breaks  to  the  exchange  w^uipment.  The  functibns  of 
the  circuit  arc  ihes^^^  the  exchargc  vd|tagc, 

to  indicate  the  current  charge  or  discterge  to  the 
exchange,  to  provide  direct  ground  to  the  equipment 
Protected  by  a  cir<^i^  breaker,  to  sen  the 
common  supervisory  circuit  for  calibration  purposes, 
and  to  Indicate  overload  and  short  conditions. 
_  J^J?iMPJL  Q^n*^"^^^^^  puipbse  of  the  ringing 

control,  shown  in  foldout  7,  is  to  si^pply  fused  ringing 
current  to  the  exchange  equipment.  The  functions  are: 
to^oj^ratc  the  subcyclc  <^ntinUously  with  automatic 
transfer  to  the  rin^ng  machine  in  case  of  output 
failure,  to  furnish  audible  and  visual^ alarms  upon 
failure,  and  to  provide  manual  cxjntrbjs  for  transfer 

interrupter  Circuit.  The  purpose  of  the 
interrupter,  shown  in  foldout  8  and  found  in  a 
separate  inclosure,  is  to  supply  interrupt^  ringing  and 
timed  ground  pulses  to  control  the  exchange 
equipment.  The  functions  are  to  start  the  ac  ihtemipter 
when  needed,  to  transfer  to  the  dc  interrupter  in  case 
of  ac  failure,  and 'to  supply  interrupted  ringing  and 
ground  pulses. 

Exercis^  (d35): 

Give  the  purpose  and  functions  of  each  of  the 
following:  ♦ 
1.  Discharge  and  distribution. 

I 


1,  Ringing  control: 


3.  Interrupter  circuit. 


4-5.  Power  and  Ringing  Circuit  Operations 

We  will  now  examine  thoroughly  the  operation  of 
the  power  and  the  ringing  circuits: 


636.  tising  foldouts  6,  7,  and  8's  schematic  diagrams 
of  the  power  and  ringing  circuits  as  necessary  and 
iOy^L^J'^^ Jl^^J J^R^JP*^^^^  operating  when  a^demand 
for  services  occurs,  identify  how  the  alarm  system 
gets  operating  power  if  all  main  circutt  breakers 
trip,  voltfiieter  readlrig^  ^l^f  >^  _ 
operates,  what  indicates  circuit  breaker  tripping, 
what  causes  RM  macliines  to  transfer  to  siilKycle, 
^"^^.^^  '^^_^'1§8^_^¥1P^'^         indicate  the 

current  type  the  discharge  and  distributing  circuit 
reveals,  give  purppfcfs  of  the  discharge  and 
distribution  circuit's  rheostat  and  the  ringing 
control  circuit.  Briefly  explain  why  the  latter  circuit 
has  two  ringing  machines. 

Dischal^  and^istribiition.  Figure  J  of  foldout  6 
shows  me  cpnneclidn  between  flptrols,  main 
battcryJand  the  powcrboard  (FO|#  ^5  figiirc  3 

one  side  of  the  voltmeter  is  conneaed  through  a^S-amp 
fuse  to  ground.  The  dtJ:»er  side  is  connected  through 
the  nonnal  contacts  of  the  battery  volts  and  calibrate 
keys,  powertKiard  tweaker  ;and  the  ammeter  to  the 
main  battery.  This  circuit  will  give  a  continual  reading 
of  the  exchange  voltage:, 

The  ammeter  is  connected  in  series  with  equipment 
circuit  breakers  and  th<|j  negative  main  battery.  The 
ammeter  will  read  either  the  current  which  is  charging 
the  main  battery  or  th|  current  the  main  battery  is 
supplying  to  the  c^uij>|nent.  The  M» meter  is  a  zero 
center.meter,  and  the  d^ections  of  deflection  indicates 
the  charge  or  dischai^|. 

Exchange  jp-ound  ii  connected  from  the  chargcre 
and  main  battery  thny  the  main  circuit  breaker  tq  the 
wjuipmcnt  Earth  Jrouhd  is  also  connected  directly  to 
the  equipment.  The  /power  for  the  alarms  is  fed  thru 
R-3  and  R-4  to  the/cquipmchi.  In  the  event  any  or  all 
^Uipttient  breakers  trip,  the  alartn  circuits;  are  assured 
power  for  operation. 

The  calibratibn  key  and  the  rheostat  enable  the 
installer  and  maintenance  man  Y^l^<^  ^h 

the  -  GAL  lead  to  the  common  supervisory  circtiit: 
The  yoltihcter  will  indicate  the  voltage  sent  out  on  the 
~  GAL  lead.  R-1  rh<^stat  adjusts  the  circuit  to  the 
desired  voltage.  By  operating  the  GAL  k<^  on  the 
klischarge  and  distribution  panel  and  the  GAL  LV  key 
on  the  common  supervisory  panel,  the  low-voltage 
alarm  may  be  tested. 

When  a  circiut  breaker  tri^  due  to  a  short  or 
overload,  it  will  remove  the  ne^tive  battery  from  the 
associated  equipment.  The  tripped  breaker  will  also 
^PPly  bWcjy  thru  the  breaker  alann  lar^^ 
EMF  (emergency  fiise  alarm)  lead  to  the  common 
supervisory  circuit. 

Figure  5,  foldout^,  is  u*ed_when  negative^^  is 
distributedJto  equipment  in  more  than  one  group. 

Figure  7,  foldout  6,  shows  a  Idw-voltagc  alarrh 
which  was  covered  in  the  common  supervisory  circuit. 

Figure  6^  foldout  6,  is  day  battery  associated  with 
an  unattended  switchboard.  It  is  usad  in  conjunction 
wii^  the  trunk  circuits.  When  the  operator  leaves  the 
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pbsitibh,  the  cords  arc  used  to  patch  the  trunks  to  a 
predetemihed  subset  that  wiil^ be  manned  at  aii  times. 

Figure  2,  foldout  6;  shows  the  connection  of  t£c 
counter  cell. 

"i^S^DiS  circuit 

controls  the  output  from  the  ringing  machines.  The 
subcyclc,  shown  in  Figure  A  of  foldout  7,  will  run 
c^^iyiMo^^y.  y^^^  ^P^^  ^  A9  source  for  the 
exchange.  Upon  failure  of_tht  &ubcycle,  a  dc  ringing 
machine,  shown  in  Figure  B  of  this  foldout,  is  started. 

thc  samc  Um^  be  activated  to  indicate 

a  transfer  for  one  machine. to  the  other.  These  ringing 
sources  furnish  the  XY  Central  Office  with  ringing 
cuffent._ 

The  subcycie  is  operated  by  110V  ac  source  and 
generates  90  volt  20  cycle  ririgirig  current  which 
operates  fela>^  Gl  and  G2^  The  purpose  of  Jhe  RF-1 
and  RF-2  along  with  Rl  and  R2 Js  to  prevent  the  Gl 
and  G2  from  ch altering  oh  the  AC  current.  Therefore: 
__J-_R^l4y pl  borates.  Contacts  ^  su^d  l  open  the 
nonemergency  alarm  (NEM)  lead  to  prevent  an  alarm. 

Contacts  4  arid  5  opctf-  preventing  the  TR  relay 
ffdm  operatmg  and  thus  preventing  a  transfer  to  the 
DC  ringing  machine:  _ 

2.  Relay  G2  operates.  Contacts  1  and  2  open  the 
OTcrgency  (EM)  Icad,^  an  alarm  while  the 
relay  is  functioning  properly. 

_  Contacts  4  and  5  open  the  ground  to  the  GEN 
FAIL  lamp  to  prevent  it  from^  lighting.  

Relays  Gl  and  G2  are  normally  operated  and 
ringing  current  is  suppli^  to  the  generator  bus  bar. 
From  the  generator  bus  bar  it  i^  distributed  to  the 
required  circuits:  Should  the  subcycie  fail  to  produce 
ringing  current,  the  Gl  and  G2  relays  will  release. 

1 .  Rcla£  G 1  releases^  Contacts  1  and  A  complete  a 
path  to  the  NEM  lead  and  this  firings  in  a 
rioncmcrgency  alarm,  ' 

Contacts  4  and  5  j»mp[ctc  a  path  to  the  TR  relay. 
They  also  place  a  ground  on  the  RM  ST  lead  to 
foldout  7,  fi^re  B.  This  ground  operates  the  RM  ST 
relay  in  foldout  7,  figure  B. 

2:  Relay  G2  releases.  Contacts  2  and  1  close  a  path 
to  the  EM  icad. 

Contacts  5  and  4  close  the  path  for  the  GEN  FAIL 
lamp. 

When  the  TR  relay  operates,  it  establishes  a  path  for 
the  DC  ringing  machine  to  supply  ringing  current  to 
the  G2  relayed  the  bus  bar.  \ 

3.  Relay  TR  operates.  Contacts  1  and  iVdose  the 
path  for  the  GEN  TRANS  lamp  and  it  will  li^: 

Contacts  4  and  3  and  7  and  6  open  the  path  from 
the  subcycie. 

__  J?9Iy^5^:l5  ^  ^  ^  close  a  path  to 
reopcrate  thtG2  relay. 

4.  RM  ST  relay  operates.  The  contacts  of  the  RM 
ST  rejay  clbse  xa  circuit  to  start  the  DC  ringing 
machine. 

The  DC  ringing  machine  is  started.  When  its  output 
is  of  sufficient  strength,  the  G2  relay  will  reoperate. 


■  ^10 

The  path  for  fedpefaiibn  of  the  G2  relay  is  through 
contacts  5  and  4  and  8  and  7  of  the  TR  relay. 

5.  Relay  G2  operates.  Contacts  1  arid  2  open  the 
EM  lead. 

Contacts  4  and  5  remove  the  ground  from  the  GEN 
FAIL  lamp.  _   

The  output  of  the  DC  nriging  machi^^^ 
generator  bus  bar:  Tlie  circuit  will  remain  in  this  state 
until  something  IS  done  to  repair  or  restart  the 
sutK^cle.  When  the  siib<5clc  Is  restarted,  the  Gl  relay 
will  reoperate.  Here,  ihcni  _  . 

1 .  Relay  G  l  opcratjK.  Contacts  1  arid  2  remove  the 
ground  frbrii  the,NEM  lead  and  reitidves  the  alarm: 

Contacts  5  and  4  open  the  circuit  of  the  TR  relay. 

 Contacts  5  and  4  also  remove  the  ground  from  RM 

ST  lead  arid  release  the  RM  ^  relay. 

2.  Relay  TR  release.  Contacts  8  and  7  and  4  and  5 
open,  contacts  4  and  3  and  7  and  6  make  thereby 
charigirig  the  buipui  to  the  Centfol  Office  from  the  DC 
machine  to  the  subcycie:  _ 

3.  Relay  RM  ST  releases.  This  opens  the  circuit  of 
the  ringing  riiachine  starter,  and  Jts  output  will  now 
cease. 

During  this  transfer,  the  G 2  relay  riiay  or  riiay  not 
have  released.  Had  it  rclca^,  there  would  have  been 
an  alarm:  But  it  would  have  been  of  such  short 
duration  that  no  one  would  probably  have  ribtiqed  it^ 

Mariual  control  keys.  There  arejwo  kc>^  asBociaied 
with  this  circuit:  (1 )  GEN  TONS  and  (2)  RM  ST.  With 
these  ke>^,  it  is  possible  to  accoriiplish  mariual ly  >vh at 
has  already  been  explained  as  occurring  electrically. 

Fuse  alarm.  Should  ariy  fuse  of  the  ririgirig  cbntrdl 
circuit  blow,  there  wjll  be  a^  9P^'A^*DS  ^^7^^ 
relay.  Through  the  contacts  of  the  FA  relay  a  circuit 
will  be  completed  to  the  cpriiriiori  supervisory  circuit, 
and  an  audiWe  alailti  will  be  soundal 

The  generator  bus  bar  has  seven  fuses,  one  of  which 
is  labeled  MISC.  It  furnishes  cdritiriudus  gcricraipr  to 
the  iiitcessary  equipment,  such  as  t«t  desk,  attendant's 
cabinet,  reverting  call  switches,  etc.  The  remaining  six 
fus«  furnish  ringirig  circuit  to  the  twp  iriterniptcrs, 
three  for  «ich. 

interrupter  Circuil.  The  purpose  of  the  interrupter 
circuij,  showri  iri  fdldbut  8^  is  id  siipply  iriterrtiptwi 
ringing  and  groinid  pulses  to  the  necessary  circuits. 
The  interrupter  springs  are  operated  by  cither  an  ac  or 
dc  riidtor  ©quipped  with  gears  arid  cams.  Under 
ndritia!  conditions  the  ac  motor  and  cams  supply  the 
interruptions.  The  dc  motor  and  cams  arc  used  for 
backup  when  the  ac  iritermpter  fail.  The  ac  intc^Tup^c^ 
circu^t  is  started  by  a  ground  being  received  from  the 
common  supervisory  circuii.  This  ground  comes 
through  the  INT  ST  lead  at  purichjrig  K-34.  FoHow  it 
through  the  INT  TRANS  key,  the  t  relay  and  the 
MOT  REL  fuse  to  battery.  This  operates  the  L  relay 
and  closes  the  circuit  to  the  ac  ihtc^rruptcr  motor. 
When  the  motor  starts  turning,  the  cam  starts  opening 
and  closing  the  snap  action  switches,  which  arc  showri 
iri  foldout  6's  figures  5,  6,  7,  8,  and  9.  This  then 
follows: 
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ReUiy  B  dp€r(U€S.  Tht  B  relay  operates  from  ground 
on  the  INT  ST  l^.  - 

Contacts  1  and  2  close  a  circuit  to  the  C  relay  and 
prepares  a  path  for  the  D  relay. 

Reiay  C  opermes._  Convstcis^l^jins^  i  close  the 
operating_circuit  to  the  D  relay. 

Relay  D  operates.  Contacts  1  and  2  further  open  the 
NEM  lead  to  prevettt  an  alarm  when  the  A  relay 
operates.  „  _ 

Contacts  3  and  4  further  open  the  circuit  to  the  F 
relay.  _  -_i 

Contacts  4  and  5  complete  the  path  to  the  A  relay. 

Relay  A  operates.  Contacts  1  and  2  prepare  the 
nonemergency  alarm  ^th. 

Contacts  1  and  4_preparc  a  path  for  F  relay. 

Contacts  7  and  5  close  before  5  and  6  break  in 
order  to  hold  the  A  relay  operate!  over  the  INT  ST 
lead. 

Contacts  2 1  and  22  open  the  operating  path  for  the 
C  reljiy  and  places  it  on  slow  to  release.  ^ 

Contacts  22  and  23  prepare  an  alternate  path  for 
the  C  relay. 

Contacts  24  and  25  open  the  operating  path  for  the 
B  relay.      _  _  ^ 

Contacts  25  and  26  pnspare  ah  alternate  path  for 
the  B  relay.^    __  _ 

When  the  motor  is  running  the  cams  are  making 
and  breaking  the  snap  action  switches.  One  complete 
revolution  of^the  cam  shaft  is  ono^  every  6  seconds. 
However,  sortie  of  the  cam  wheels  have  more  than  one 
ldt«.  Cam  whosl  humbc^^  has  sufficierit  lobes  to 
operate  the  springs  at  the  rate  of  120  iPM.  This 
ground  intemipced  at  1 20  times  per  minute  has  several 
function,  one  of  which  k€«f»  the  B  and  C  relays  oper- 
ated: As  long  as  this  machine  is  potting  out  1 20  IPM 
there  will  be  no  automatic  transfer  to  the  dc  inter- 
rupter.  

Concerning  the  ompm  ofaons.  Cam  wheel  number  7 
caus^  ground  to  be  interrupt^  at^the  rate  of  60  IPM 
which  is  twcd  for  connector  busy  tone  oj)craUb|^^^ 

Cam  wheel  number  9  causes  ground  to  be 
ihterruptiMi  30  tim<»  per  minute  for  one  tick  tone, 
which  the  military  dj)«n*t  u^    _   

Cam  wheel  number  1 1  causes  ground  to  be 
interrupted  at  the  rate  of  10  IPM,  which  is  us^  for 
timing^circiiits.     V  

Cam  wheel  number  13  placo  ground  on^e  PU 
leads  of  the  linermder  and  supervisory  circuit. 

Cam  wl^l  number  15  placUaij^Und  to  the  circuits 
that  require  the  REV  GND  feature. 

Cams  numbered  2,  4,  6,  8,  10,  and  12  make  and 
_  _S^"^ra^o J^^P_  t^ttcry^ 
^Generator  (ringing  current)  is  ftimished  through  the 
springs  at  the  rate  of  one  second  ring  and  a  five  second 
pause.  THp  battery  is  furnished  when  ringing  current  is 
off.  Cams  4,  6,  8,  10,  and  12  are  not  used  in  small 
officw  or  by  the  military  exchanges. 

J^igurc  6  of  fdlddut  8  shows  the  timing  chart  for  the 
2  miaute  cycle.  This  portion  of  the  intemiptor  is  on 
the  left  hand  side  and  uses  a  gear  linkage  to  reduce  the 


6  sec  reydlutidh  to  a  2  mihu^  revbluUdh.  Ca^ 
and  24  furnish^  timing  pulse  i  and  2  to  the  aiarm 
circuit.  Cam  26,  the  H2  Idul,  is  used  for  holding  the 
ST  or  ST  I  relaj^  in  the  cbmrnbn  supcmsdiy  circuit, 
which  keeps  the  tone  and  interrupter  circuits 
operating.  All  of  the  cam  spring  contacts  arc  routed 
through  figure  2  or  10  of  foldout  8  to  the  appropriate 
equipment.  H3  and  RVT  are  not  used  in  military 
exchanges. 

Transfera.-Tni^fers  m^  in  two  ways^ 

eithei  manually  or  automatically,  tet  us  cover  the 
automatic  transfer  first.  If  for  some  reason  the  camsjon 
the  ac  machine  stopped  putting  out  the  120  _  IPM 
ground  that  is  holding  the  B  and  C  relays,  then  the  3  or 
C  would  release.  When  B  or  C  released,  it  would  open 
the  path  to  the  D  relay,  allowing  it  to  release. 
Thereafter: 

Relay  D  re/ax$cr.  Contacts  1  and  2  close  the  NEM 
lead  to  the  supemsory  circni  an  alarm. 

Contacts  3  and  4  complete  a  path  to  the  F  relay: 

Relay  Eoperates.  Contacts  1  and  2  close  a  circuit  to 
the  INT  TRANS  lamp.  ^ 

Contacts  25  and  26  close  a  circuit  to  the  INT  ST2 
lead,  to  start  the  DC  motor  in  figure  L  foldout  8.  They 
also  place  a  grdund  oh  the  B  relay,  showti  in  figure  1 
foldout  8,  to  operate  it. 

Contacts  3  and  4  complete  a  circuit  to  operate  the  G 
and  E  relays.     

Contacts  21 ,  22,  and  23  and  5, 6,  and  7  transfer  the 
H2  and  REV  GRD  leads  from  the  ac  to  the  dc 
iritcitiiptcr  contacts^  _  :  _    _   ^  

Relays  G  and  f  operate:  The  contacts  of  the  G  and  E 
relays  transfer  all  of  the  ac  interrupter  contacts*  output 
to  the  control^  of  the  dc  intcrnlptcr  contacts. 

Relay  B  operates  (FO  8.  fig^  I).  Contacts  I  and  2 
close  the  operating  path  of  the  C  relay. 

 R^tay  C  operates^  Contacts  1  and  2  close  the 

operating  path  to  thc_D  relay. 

Relay  D  operates.  Cpn tacts  1  and  2  further  open  the 
path  to  the  EM  lead.  Contacts  4  and  5  close  the  path  to 
the  jA  relay. 

Relay  A  operates.  Contacts  1  and  2  prepare  the  path 
to  the  EM  Icad^ 

Contacts  3  and  4  prepare  the  path  to  the  INT  FAIL 
lamp. 

Contacts  5  and  7  close  before  5  and  6  open  to  place 
a  holding  patlion  the  A  relay^  _ 

Cdhtacts  25  and  26  arid  22  arid  23  transfer  the 
control  of  the  B  and  C  relay  of  figure  1 ,  foldout  8,  to 
th<^l20  IPM  lead  oh  the  dc  interrupter. 

The  circuit  will  stay  in  this  state  uritil  grdurid  is 
removKl  from  the  INT  ST  lead,  the  INT  TRANS  key 
is  operated,  or  the  dc  inlerrupter  fails  to  put  out  the 
120  IPM  ground  to  the  B  and  C  relays.  

No  Demand.  Let  us  now  assume  that  there  is  no 
longer  a  demand  for  any  of  the  interrupter  servic^  an 
that  ground  is  removied  from  the  INT  ST  lead.  This 
opens  the  circuit  to  the  L  relay  and  causes  it  to  release: 
Remember,  the  dc  intemipter  is  providing  the  impulse 
for  the  exchange,  but  the  L  relay  (fig.  2  or  1 0  of  FO  8) 
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would  still  have  ah  operaUhgpath.  The  A,     E,  and  G 

^'i?''^  ?_^''Ll^^ould  still     ogsrai^.  TTi<5  wm^^ 
be  the  first  relays  to  release  ^en  the  interrupter 
service  is  no  longer  ne^ 

Ri^^  A  ret^a^  or  70,  TO      The  A  relay 

upon  release  performs  the  following  functions: 

Contacts  1  and  2  open  the  NEM  lead  and 
extinguish  the  alaitn. 

Contacts  3  and  4  further  open  the  circuit  to  the  F 
relay.  _ 

Contacts  5.  and  64>repare  the  circuit  for  the  A  relay: 
Contacts  5  and  7  open  the  holding  path  of  the  A 
relay.  

Contacts  21  and  22  prepare  the  circuit  for  the  C 
relay. 

2^        25  prepare  the  circuit  for  the  B 

rel^y.  _ 

Relay  F releases.  The  rciasc  of  the  F  relay  caused  the 
folldwiiig  action;^   

Contacts  1  and  2  extinguish  die  INT  TRANS  lamp: 

Contacts  3  and  4  open  the  circuit  to.  the  E  and  G 
relay^  causing  them  to  rel^sCj^^^ 

Contacts  2i  and  22  and  5»  and  6  return  the  REV 
GRP  and  H2  lead  tojthe  control  of  the  a^Lhternipicr, 
I'^^y^^^^.  bpcn.t^^^^        jST2  lead  arid 

open  the  circuit  to  Xhe  dc  interrupter^otor  and  the  A 
relay  in  figure  1  of  foldout  6, 

Relays  E  andC  release^  When  the  E  arid  G  relays 
release,  this  transfers  the  outputs  of  the  dc  interrupter 
cams  back  to  the  outputs  of  the  cams  of  rtie  ac 
imemipter. 

Relay  A  releaasG.  iftg-  1\  6).  Contacts  1  and  2 
further  opnen  the  EM  lead. 

Contacts  3  and  4  further  optn  the  INT  FAIL  lead. 

Contacts  7  and  5  further  open  the  holding  path  of 
the  A  relay. 

Contms  5  and  6  prepare  the  circuit  to  reopcratc  the 
A  relay.      _  _ 

Contacts  25  and  26  open  the  circuit  to  the  B  relay. 

Contacts  24  and  25  prepare  the  operating  path^for 
the  B  relay.  _  _ 

Contacts  22  and  23  open  the  circuit  for  the  C  relay. 

Contacts  21  and  22  prepare  the  operating  path  for 
the  C  relay.    _  _  _ 

^^^y  ?  <c>r  C  Gnly  the  B  or  C  would  have 

been  operated  due  to  the  12(XIPM  ground. 

Contacts  1  and  2  open  the  circuit  to  the  D  relay,  . 
alld\%ing  it  to  release 

The  circuit  is  back  to  its  normally  unoperated 
condition  and  will  remain  so,  until  another 
requircmcrit  is  demanded 

When  making  a>manuai  transfer  it  is  nec^sary  to 
operate  the  INT  TRAJSS  key.  Ilrien,  when  the  ground  ^ 
isjDlacod  on  the  iNT  ST  lead,  the  F  relay  will  operate. 
The  F  relay  will,  in  turn,  operate  the  E  and  G  relays. 
The  E  and  G  relays  will  transfer  the  cohtaj:ts  from 
amtrbl  of  the  AC  machirie  to  the  coritrbl  of  the  DC 
machine:  The  remainder  of  the  transfer  occurs  Just  as 
we  have  explained  when  discussing  automatic  transfer. 

The  interrupter  can  be  run  constantly  by  the  use  of 


the  INT  ST  keys.  These  keys  could  also  be  used  just  to 
tesl  th c  operation  of  the  interrupters.  This  is  the  usual 
procedure  in  a  large  busy  exchange. 


Exercises  (636): 

i.  Does  the  ammeter  in  the  discharge  anidH 
distribution  circuit  indicate  charge  current  or 
discharge  current?  Explain  briefly. 


2.  If  ail  of  the  main  circuit  breakers  trip,  how  will  the 
alarm  system  receive  the  power  to  operate? 


3.  What  will  the  voltmeter  read  if  the  calibrate  key  is 
operated? 


4.  What  will  indicate  that*  a  circuit  breaker  has 
tripped? 


5.  What  is  the  purpose  of  the  rheostat  in  the 
discharge  and  distribution  circuit? 


6.  What  is  the  purpose  of  the  RFI  and  r«istor  Rl  in 
the  ringing  control  circuit? 


7.  If  the  sulKycle  arid  the  RM  machine  fail,  what 
type  of  alarm  would  be  set  off? 


8.  Why  arc  there  two  ringing  machine  in  the  ringing 
control  circuit? 


9.  What  will  make  the  RM  machine  transfer  to  the 
subcyclc? 


10.  What  is  the  voltage  output  of  the  subcycle? 


4*6,  Trbubleshootihg  Power  and  Rihgihg 
Eqialpitieht  Circuits 

You  have  progressed  through  troubleshooting  so 
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tar  without  any^grcat  diffifculty.  Thcrcforc^^ 
you  will  acojmpljsh  the  tfoiibl(»hooting  involved  here 
with  only  a  Uttle  more  effort.  Again,  keep  in  mind 
that,  while  performing  tnDublcshcKDting  duties,  a  safe 
wdfkcr  is  an  asset;  to  any  organization,  and  the 
equipment  will  fare  much  better  under  this  condition. 


637.  Given  pv^ef  .yjyiiSjK^e^^ 
symjRcKm,  iKic  scbtmatic  dispwis  to  determine  the 
probable  cittse  aid  corrective  action  for  each* 

Wc  have  studied  the  asiicmatia  and  how  the  circuit 
operates;  and  the  trouRcihooting  approach  is  the 
same.  Let  us  sec  if  you  can  how  find  put  what  causes 
certain  functions  not  to  happen  when  they  should.  Use 
the  schematics,  the  troubleshooting  approach,  arid  the 
information  provided  to  complete  the  exercises. 


Exercises  (<S37): 

I.  One  of  the  ?sqnipment  circuit  breakers,  shown  in 
fotdout  6,  has  tripped.  The  alarm  lamp  oh  the 
discharge  and  distributiqn^^jrcuit_  is  not 
indicating.  However,  the  common  supervisory 
circuit  has  a  fuse  lamp  and  an  emergency  alarm 
signal.  What  could  cause  this  trouble,  and  what  is 
your  fix? 


3.  The  G  iTciay,  shown  in  foldout  7,  is  not  operated, 
G2  and  TR  are  operated,  what  is  the  probable 
cause  of  this  condition?  What  is  your  fix? 


The  G2  relay  in  the  ringing  control  circuit 
chatten,  what  could  be  the  problem  and  your 
correction? 


5.  The  subcycie  has  no  output.  Delay  Gl  is  relased. 
The  RM  machine  is  tuning  but  there  is  no 
ringing  current  in  the  switch mg  ajuipment.  What 
Is  the  probable  cause  and  the  fix? 


6.  The  ac  interrupter,  shown  in  foldout  8,  is  nirinihg 
hdrmal  and  the  mamtcnancc  person  operates  the 
INT  ST  key  on  the  dc  machine.  How  will  this 
effea  the  ac  interrupter? 


The  ac  interrupter  has  stopped  gtid  the  transfer  has 
occurred.  However^  there  is  no  out ptit  on 
generator  leads  3,4,5  and  6,  ahd  TP  1 ,  TP2.  What 
could  cause  this  malfunaion  and  how  would  you 
clear  it? 


.  The  maintenance  person  is  unable  to 
^calibrated  voltage  on  th^  shown  in 

foldout  6,  to  the  common  supervisory  circuit. 

What  are  the  possible  causes  for  this  malfunction, 

and  how  would  you  clear  them? 


8.  Assume  that  the  cams  were  stdpp^  physically  and 
the  normal  transfer  took  place.  After  repairing  the 
ac  interrupter  it  would  not  transfer  back.  Why? 


CHAPtER  S 


Atiandant's  Cabinet  and  MiMllaneoui  Trunk  and 
Switching  Equlprrfent 


IN  CHaPTB^  five  of  Voiamc3  you  stodiRi  about 
it>e  Strbwger  fm  and  pulic  repeaters,  is  well  as  the 
r^Y^M.^l  f^^r^^^^^      attend|uM*t  cab^ 
some  of  its  assodattd  circuits.  You  are  also  vwmrt  by 
now  that  the  XY  system  is  similar  in  many  ways  to  the 


in  th^  chapter  we  look  at  the  circuits  that  serve 
similar  purposes  in  the  XY  system. 

5-1.  Eqvipaient  Descriptioo 

In  this  section  we  discuss  the  purpose  and  functions 

^f^}^J^_Pj^._^^^^^  circiiit, 
inspector's  ringback  circuit,  the  attendant's  otbinet 
circuits  and  some  of  its  s^ssbciated  circuits. 


<^W,^ate  tke  par^  of 
the  misceilaneoos  jriink  and  switchlns  equipment 
iiHl  tlM  ittefidanl*s  cabinet  and  associated  circuits. 
Coiiifiit  folil^  9  as  neccssu-y.  ' 

XY  nre  Repeaters.  XY  fire  repeaters,  shbWn  in 
foidout^9,  p^onti  the  ume  ^nctions  as  those  in  step* 
by-step  systems.  They  are  mounted  on  the 
rntKeUaheous  equipment  shelf  and  also  signal  the 
switchboard  who  may  pr  may  not  assist  in  the  call 
according  to  base  requirements.  \ 

The  jmipbsc  of  the  XY  fire  repeater  is  to  provide 
sul^ibers  s  of  calling  the  fire  de(»rtniait.  The 
telephone  number  for  dialing  the  fire  department  is  the 
same,  1 1 7,  lis  it  is  iii  the  Strbwger  system. 

Two-Way  ^iaj-to-blaj  TrunlL  Circuit.  The 
purpose  of  this  circuit  is  to  provide  -the  subscribers 
with  a  means  b[  dialing  directly  tb  ahbther  central 
office. 

It  can  be  ico^sod  from  a  first  seic^or  by  dialing  the 
^bp«r  dijit  or  from  Jhe  attCT  cabinet  for 

outgoing  calls  or  from  the  banks  of  first  selectors  or 
the  attendant's  cabinet  at  the  distant  office. 
^   Jj_  P^'Pyidw  switc^^  _0>ti$y_  I^nipL 

repeats  the  dial  pulses  by  either  loop  or  battery  and 
ground  pulsing,  and  accrues  ah  incoming  selector  oh 
incoming  calls. 

Inspector's  RinglMck  Circuit.  This  circuit  is  used 
primarily  installer  repairmen  for  automatically 
testing  the  \:ft\h  of  a  telephone  tnsyiiment. 


VThis  circuit  is  MOooBcd  from  the^banks  of  the  XY 
.  special  jMKp'nd  selectors.  It  provides  ringing  oh  both 
bf  jtte  line,  al^^^      and  wbrics  in  the  lame 
wi^,  ftor^  the;  taer*s  end,  as  doo  iti  Strowger 
cbuhterpaft Jt  is  nbrrhally  mounted  in  the  relay  rack, 

and  nul|iy  _offica  1^   

Atlendaikt-s  Cabinet,  the  attendant's  switchboard 
and  associated  circuit  (X)mp6netits  provide  service  to 
I^J^^'^l^^  y^crsjhat  sUpplernehj  thoM  of  tlK  diial 
switching  equipment  in  any  size  XY  dial  centra) 
bfficc. 

llic  atteiidmt's  cab^  (switchboju-d)  consist  of 
one  or  more  positional  units:  the  number  of 
switchboard  pbsitibhs  used  in  a  central  office  is 
d«crmined  the  Amount>  _and  type  of  service 
required.  Usually  a  206- Hne  office  includes  only  one 
pk>sitipn;  a  1200-lihc  office  has  a  foui^positioh 
attendanfs^binet.   ^     -  -  < 

the  basic  switchboard  ricuinaUy  Has  i$  cord 
circuits  and  one  ppsitibh  circuit.  Tallc  monitor  kc^, 
board  sapervisory  laitips,  and  a  dial  are j»rts  of  the 
key  shelf  equipment,  the  circuit  apparatus  for  the  cord  ^ 
circuit  atid  for  the  operator's  position  circuit  iS| 
mounted  on  a  hinged  steei  gate  at  the  rear  of  each 
switchboard.  Use  th^  switchboanl  as  follow^: 

^•  Complete  cal^  between  dialed  telephones  and 
nondiaied  telephones. 

h.  Cbmplcte  calls  to  and  from  other  exchanges 
(mahiial  and  dial).  .  ^ 

c:  Serve  as  an  information  center  when  an 
infoTmatibn  desk  is  not  provided  or  not  in  use,  '  / 
_  4i  _ Plb vide  spec i a  1  se r vi  ce ,  su ch  as  su p pjy i h g 
intercept  facilities  for  the  XY  dial  switching 
equipment. 
.  e.  Complete  itnd  hold  fire  calls. 


Fact  equipment.  Each  positioii  consists  of  two  or 
three  panels  which  extend  from  the  top  of  the  unit  tb 
the  coTdand  key  shelf.  The  ^rlels  contain  the  line  aiid 
trunk  muitipJe,  the  piling  rail  equipment,  and  jack 
blanks.  The  line  and  trunk  hfiultiple  consists  of  jack, 
lamp,  and  d^[gnation  strtf^.  Blank  spacers  are 
included  to  separate  the  variotu  groups  of  multiple 
equipment  and  tb  fill  in  port  ions  of  the  panels  where 
the  muitipie  is  not  provided.  The  piling  rail  equipment 
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cdjisiM  of  tlM5  jiri^  pilot  laitip,  fuse 

aiann  lanip,  ,snd  cord  test  jack. 

JO>nd  <vui  key  she  cord  and  key  shelf  consist  of 
a  fixed  ^cUoh  and  a  hing^  s^ion^  Thi?/^^  !??^^9? 
contains  the  cords  plugs*  The  hi^ed  section 
contains  the  pord  supti>iaory  lamps^  le^  switches, 
pushbuttcm  jli^t^^  itKl  a  dial.  The  headset  ji^ks  are 
lo^tedpn  die  shelf  ^sron: 

Cabie  tiunint  seaipn.  The  cable  turning  section  is  a 
matclung  ctbtnet       to         tl*e  ayi)te 
Iwitchbovd  position.  Only  one^bie  taming  section 
is  required  for  each  c^tral  office,  n^gardl^  of  its 

si2C,_  V_l_  -   .-   -- 

Associated '  equipment.  The  equipment  associated 
with  the  attendiht's  cabinet  is  mounU^ 
rack  aad  igielf  equipment  This  equipment  oonsists  o/^ 
the  convertible  line  circuit,  the  operator's  or 
infom^airbQ  triink  and  the  qut-dial-i^^^^^ 
circais,  as  well  as  a  few  others  not  mentioned  here 
bemuse  we  do  not  need  to  discuss  them  further. 

I .  Give  the  purpose  of  the  XY  fire  repeater. 


2.  Give  the  purfx>se  of  the  XY  dial-to-dial  trunk 
circuit. 


3;  State  the  purpose  of  the  XY  inspector's  ringback 
circuit. 


4  State  the  purpose  of  jhc^  X  attendant's 
switchboard  and  associated  circuits. 


5.  Specify  how  the  XY  inspector's  ringb&ck  circuit  is 
accessed  in  the  equipment. 


.  ^6.  Name  the  two  methods  of  reputing  subscriber's 
dial  puls«  used  by  the  XVlW-jvay  dial-io-dial 
trunk  circuit?  * 


S-2.  Operalioa  of  Circuits 

While  the  purpose  and  functions  of  the  circiuui  just 
dscrib^  is  almost  identical  to  that  of  Strowger 
equipment  discussed  in  Volume  4;  the  circuit 
bperatibris  and  Kh^aUc  diagr^^ 

During  your  study  of  this  section  Use  the  schematic 
diagrams^  which  are  provided  as  fdldouts  (in  a  separate 
ihclosure)  with  this  volume,  as  well  as  the  applicable 
figura. 
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639.  UfJiqE  fpfitfovt  9*s  scbeiiiatic  digram  and 
flf«m  5-1  aiid  5-2  as  required,  Identify  the  actions 
tiat  occur  in  tbe  X^Y  Are  repeater  during  its 
operation  and  wliat  efTect  ea^h  of  those  actions  has 
on  aiibciated  cqBipment. 

'     1^         _      _  _  '_  "  " 

This  section  describes  a  call  thai  is  connected  to  the 

fire  dcpirmait  wittou^  the  help  of  ih^  $>«atchboard:^^ 

blali^  a  Fire  Call.  The  calling  flirty  dials  the  fire 

Tcpbrting  number  This  aqiioh  causa  the  >elcaor  to 

switch  the  triers  ibdp  t^i^  relay  CB»  to  shown  in 

foidoui  9  (the  adiing  bridge).  This  causes  the  CB  to 

operate,  as  figure  5- 1  shows,  and  close  its  4^5  contacts. 

Thii,  in  turn,  jMpes  relay  RI^^       reloise  relay)  to 

operate:  Contaco  3^_of  RD  break  and  remove  the 

ground  frorn  the  ATB  lead  to  the  ^If  wpery^^ 

circuit.  Rclay  RP  ai«o  ^1**^      alarm  lamp  (red)  at 

the  swiidiboard,  closes  the  operating  [with  to  relay  FA, 

and  places  ground  on  the  S  lead  to  itiarlc  the  circiiit 

busy  and  hold  the  pr^cding  cqaipmcnt:  Relay  FA, 

$«n  in  figurc^5-2,^  extends  ringing  to  tbe  fire 

department,  closes  tlie  rihgback  tone  ciroiit,  and 

P^^}^yi  clbs«  the  opcming  cif^       ^^^^y  ^^^^ 

ring  trip).  When  the  red  alarm  lamp  lights  at^thc 

switchboard;  the  operator  pushes  the  talk  key.  This 

operates  relay  OC  (operator  cut-in)  and  permits  the 

operator  to  monitor  the  call.  "  . 

Fire  Department  Answers.  When  the  fire 

dcpaitmcht  ariswci^,  relay.  RT  pa^  9P«L**^t^ 

Contacts  1-2  complete  the  path  for  the  fully  operating 

RT.  When  RT  operates  fully,  its  contacts  cut  off 

rihgihg*ai  the  fire  department  and  the  fingback  lonfe  to 

the  caller,  turn  off  the  alarm  lamp  at  the  switchboard 


and  iighi  the  sQpervisory  lamp;  and  close  the  operaiing 
path  for  relay  AB,  (Relay  SR  will' hoi  operate  at  this 
time  because  current  in  i^J*^Ml"g?  JsJlowing  the 
opposite  direction.  If  a  call  must  be  traced,  the  fire 
department  attcndaint  would  push  the  call  tracing 
switch,  which  would  place  a  grdurid  dri  the  R  side  of 
the  line  and  cause  SR  to  operate  j 
_  Release.  When  the  calling  party  disconnects,  relay 
CB  releases  and  caus<M  re|ay  RD  to  feleasc.  The 
contacts  of  RD  remove  ground  from  the  S  leid,  which 
releases  the  swiich  train,  RD  al^  releases  FA,  which 
in  turn  causes  RT  to  release.  The  reUa^  oL^^^ 
RT  opens  the  circuit  to  the  supervisory  lamp.  This 
sisals  the  operator,  so  that  she  may  disconnect.  When 
she  does,  relay  OC  releases,  and  the  circuit  is  back  to 
normal. 


4; 


Exercises  lS39h  - 

Use  foldout  9  where  necesary  for  each  exercise, 

1.  State  what  happens  when  relay  RD  in  the  fire 
repeater  operates. 


2;  Specify  the  type  of^call  during  whiph  the  RV  relay, 
found  in  the  X Y  fire  repealer,  operates. 


3.  CJtt  what  holds  the  RV  relay  in  XY  fire  repeater 
operated  once  it  operates  initially. 
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Ml.-? 

4.  State  when  the  C  wiring  option,  within  the  XY  fire 
repeater,  is  used^ 


5.  Specify  the  circimstan<»  onder  which  the  SR 
relay,  alio  in  the  XY  fire  reprater,  operates,  and 
how. 


6:  Cite  what,  in  the  XY  fire  repeater  circuit,  causa 
the  OC  relay  to  operate. 


640.  tlsing  foidoQl  tO*s  schenalic  diagram  as 
necMsiryv^Jcitiiiify  the  actjoiu  thai  ocoi^  in  the  XY 

and  wiut  effect  eacii  of  the  actioKhai  on  raociated 
circiiib*  ^ 

Foidout  ib  (found 'in  a  separate  inclosure)  shows 
two  trunk  circuits  connect^  in  the  hortnal  manner, 
^PS  ^P.Pf  y^^jMge  reptCMint  the 

office  repeater,  and  let  the  circuit  at  the  bottom  of  the 
page  be  the  one  in  the  distant  office. 

Scizui^»  iMBi  First 

Selector.  As  foidout  10  revoiis,  seizure  of  the  trunk^ 
circuit  from  the  local  sel«:tbr  level  causa;  the  CB  relay 

ojwuc  over  the  nlbimtwrX  cxtehdi^^  lc<>p.  

Rday  CB  (hcai  office)  opertaes.  Contacts  3  and  4 
j;wrtially  prepare  a  loop  to  seize  the  distant  office. 
^9??^  Z^o^       cilruit  to  i^^ 

Contacii  i  and  1  prepare  a  drcoit  to  place  battery  on 
the  tip  Imd  to  the  dltujit  ^^^^^ 

energize  the  Jxi  winding  of  SRL  Contacts  22  and  23 
and  25  aiid  26  close  the  T  and  R  loops  to  the  distant 
y  o&icc,  aaaingPL  relay  at  the  distant  ofT!^  to  operau^ 
The  opentejMh  fbrL  the  PL  relay  is  throu^  the  ac 
wihdU^pf  Sl|l»  diffenmtially  <mc^^  relay. 
Conocts  6  and  7  ci(»e  the  circuitt  to  RP4 1 . 
__  Retay  RDll  (hcai  <^cej  opmttes.  Contacts  11  and 
^2  3 £oun<d J^h  tlM  bic^  Contacts  3  and  4 
piace  buttery  on  the  Bt  i«d  to  Jight  the  busyjamp  in 
'the  attendant*!  cabinet.  Contacts  8  aad  9  pandaily 
P<^^^19^A<^f^^_t^  1^N>^- Contacts  1  and 

2  partially  prqpne  ^p^  to  SHI :  Contacts  28  and  30 
partially  prepare  a  path  to  RS.  Contacts  5  and  6  open 
line  term  (the  510  ohm  resi«tq 

ci^MKitor):  ConGicts  23  and  24  pre|»re  a  circuit 
td  placejj^und  oh  the  R  to  the  distant  office.  Contacts 
25  and  26  brnk  and  the  tip  aiid  ring  loop  under 
the  control  of  the  CB  relay: 

The  trunk  circuit  (top)  ii^  the  local  office  has  been 
ieized  at  this  ume.  Meuivirbile,  t»ck  in  the  distant 
exchange  (bottom),  the  PL  relay  has  operated. 


 ^    _    _   

Relay  PL  idistant  office)  operates.  Contacts  1  and  2 
partially  close  the  circuit  to  the  CB  relay  in  the 
incoming  seiectdr.  Contacts  4  aiid  5  close  the  circuit  to 
relay  Sw._  _        '  _ 

Relay  SW  (distant  o^ffice)  qi^  11  and 

1 2  apply  pound  to  the  MSR  lead  jp  light  the  monitor 
lamp  bright.  Contacts  5  and  6  apply  a  ground  on  the 
sleeve  lead  forward  to  mark  this  circuit  as  busy  to  all 
"  other  aills.  Contacts  27  and^  further  open  the 
^und  to  the  ATB  lead.  Contacts  33  and  34  transfer 
cbhtrdl  of  the  idle  line  termination  to  the  SR2  relay. 

_  Contacts  25  and  26  prepare  the  circuit  to  SH2. 
Contacts  23  and  24  close  the  teldihg  circuit  to  itself. 
Contacts  21  and  22,  1  and  2,  15  and  16,  30  a^^ 
close  the  loop  to  the  CB  relay  in  the  incoming  selector. 
ThcM  ix»ntacts  are  in  series  with  the  ac  Winding  of 
SR2^  raistor  R8,  c^ils  £  and  F  and  G  and  H.  Contacts 
3  and  4  close  the  circuit  to  .the  db  winding  of  SR2, 
differehtially  ener^zing  it.  Contacts  9  and  10  place 
battery  on  the  BL  1<^  to  light  the  busy  lamp  on  the 
switchboard. 

The  two  trunk  ciituits  and  the  incoming  selector 
are  prepared  to  accept  the  dial  pulses  from  the  local 
officejat  this  time.  When  the  calling  sufcK»n'iber  <|iai5 
the  CB  in  the  local  thihlc,  circuit  will  follow  the  dia^^ 
pulses:  The  CB  relay  will  cause  the  Pt  relay  in  the 
distant  office  to  pulse.  PL  relay  will  cause  the  pulsing 
^clay  in  the  ihcbm  selector  to  drive  the  switch  in  the 
X  direction;  " 

Impiilsc  Brealt.  The  first  break  of  the  dial  pulse 
sprin|^  causes  the  CB  relay  iii  the  local  triuik  circuit  to 
relwoe.  ^  _ 

CB  relay  (Idqal  office)  release,  Contiu^ts  3  and  4  and 
99ni*ca  I  and  2  p]^_  thc  c[fcuit^i^^  the  distant 
exchange  and-it  releases.  Contacts  6  and  7  open  the 
circuit  to  RDU  placing  it  on  slow  release  time. 
Contaca  6  apd  5  cloj^  the  a 

SHi  relay  ffocal  office)  operates^  Contacts  4  ahd  6 
and  contacts  2 1  and  23  prepare  a  low  resistance  loop 
to  the  PL  lelay.  ContacQ  1^  and  2  ajld  3  short  cjrcuit 
the  C2  cl^^acitor,  disdikr^ng  it  to  prevent  noise. 
,  Contacts  4  and  5  aiid  contacts  21  and  22  remove  the 
repe^  coils  from  the  pulsing  circuit.  This  prevents  any 
pulse  distortion.  During  the  time  the  pulse  spring^  are 
closed,  the  CB  iii  the  local  trtiiik  circuit  will  operate. 

f<^^4«^<?^  CpniaOT  4  and  3 

cto8e:the  circuit  to  SH2.  Contacts  I  and  2  open  the  T 
and  ft^tb  the  pulsing  relay  in  the  int^mihg  selector. 

^Jf^J"^^J4^^^'^  Wl^^)  P/^Z^^-  Q^ntiu:^  3_and  4 
shunt  the  winding  £  and  F  of  the  repeat  coil.  Contacts 
1  and  2  prefMire  a  low-raistahce  path  to  the  pulsing 
"^^^y^Ln.^^  in<xmiing  seizor  ^  _^   ^  _ 

Impolse  Make.  When  the  dial*s  pulse  spring 
contacts  make,  the  loop  is  again  plai^  across  the  tip 
J^'IS  ^9^1         circuity  This  operates  the 

CBxelay  in  the  locaLoffice  trunk  circuit. 

CB  relay  (local  office)  operators.  Contacts  1  and  2 
and  contacts  3  and  4  close  the  low  resistance  loop  to 
the  PL  relay  at  the  distant  exchange,  which  operates. 
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Cdilticts^  5. and  6  open  the  circuit  to  the  SH  I  relay, 
placing  it  on  slow;  ft^lei<^  timie^Contacts  6  and  7  close 
the  circuit  to  RDl ,  which  was  on_slow_release  time  and 
^did  not  have  time  to  release.  The  PL  relay  in  the 
distant  exchln|e  will  foUow  CB  in  the  local  exchange; 

relay  (dmant  office)  operates.  Contacts  3  and  4 
open  the  circuit  to  SH2.  However^  SH2  is  a  slow 
rej«i»e  relay  aid  will  stay  dperated  during  pulsing. 
Contacts  I  and  2  close  the  circuit  to  the  pulsing  relay 
in  the  incoming  selector. 

The  SMiic  series  of^ events  occure  Tor  the  next  and 
subsequent  sets  of  impulse  break  and  make.  After  the 
last_  impulse  make,  dial  pause  occurs. 

Dlil  Fame.  During  iHis  period  of  time  relay  SH 1  in 
the  local  tnihk  circmt  releases. 

SH!  retay  (iooai  office)  reiema:  Contacts  21  and  23 
open  the  reiistance  battery  bh  the  T  lead.  Contacts  4 
*^jl:§__op^"  J^?  ^^^^^^^PP^^_  Pl'.^c  Icad^ 
Contacts  21  and  22  and  cmitacts  4  and  4  place  the 
windings  _of__the  repeat  cojl  in  series,  with  the  ac 
^in^li^S  P/  SR 1  and  the  windings  of  the  PL  relay  at  the 
distant  office.  / 

retay  tdwani  i^tce)  reieases.  Contacts  3  and  4 
remove  the  shunt  from  the  repeat  coil.  Contacts  1  imd 

2  return  the  T  and  R  lod^  through  the  winding  of  SR2 
and  the  repeat  coil,  esublishing  a  transmission  circuit 
through  the  two  trunks  to  the1n«>mlng  selector,  which 
was  stepped  in  the  X  directibn  jbyahe  dial.  The  selectbi* 
wjll  automaticaiiy  search  this  level  for  an  idle  trunk  to 
a  -connector.  The  next  two  digits  will  drive  the 
cbrinectbr  to  the  d«ired  line  circuit.  The  cdrinector 
will  automatically  ring  the  called  subset. 

Called  Arty^  Answers.  When  the  called  subscriber 
answers,  the  AB  relay  in  the  distant  bffi(x  (»^^ 
operats  and  reverses  the  battery  and  ground  to  the 
trunk  circuit_at  the  jdistant  exchange.  The  reverse 
^ttery  c#^^  and  R  leads  applied  thrbugh  the 
connectoi^^^ming  selector,  into  the  trunk  cjrcuit^ 
causes  nelaj^SRi,  in  the  distant  office,  to  opcratc.  The 
reversed  battery  aids  the  db  winding  bf  SR2. 

SR2  reiay  (disranr  office)  operates.  Contacts  1 ,  2,  and 

3  and  contacts  2 1 ,  22^  and_23  reverse  the  battery  to  the 
local  trunk,  causing  the  SR  I  relay  tb  bjxrate. 

SRI  r^ay  (iocai  office)  operate:  Contacts  5  and  6 
place  battc^  on  the  HS  lead.  Contacts  3  and  4  further 
bpch  the  circuit  to  SHI .  Cbh tacts  25  and  26  op*!n  the 
idle  line  termination.  Contacts  23  and  24  open  the 
ATB^lf^d.  Contacts  1  and  2  close  the  circuit  to  SR 1  L 

'^R  ^  ^  J'^foy  (^^l  offif^)  op^^o^^'  Co h tacts  I^,  2 ,  and 
3  and  contacts  4,  5,  and  6  reverse  the  battery  to  the 
calling  subscriber  for  answer  supervision.  Contacts  24 
and  25  place  the  R2  r(Kistor  in  seriiK  with  the  monitor 
lamp.  Contacts  21  and  22  close  the  circuit  to  the  RS 
relay^  _ 

RS  relay  (local  office)  operates.  Contacts  1  and  2  and 
contacts  2  \  and  22  open  the  circuit  to  PL.  Contacts  25 
and  26  place  ah  alternate  ground  on  SR I .  Contacts  5" 
and  6  apply  negative  battery  to  the  BL  lead.  Con t^^^^ 
and  4  close  a  holding  path  to  itseif  under  control 
RDll. 


Everything  in  the  local  and  distant  bfnccs  is  how 
ready  for  conversation  to  take  place.  After  the  caiier 
and  ihe  callee  have  finished  talking,  it  is  time  for 
releasing  the  equipment;  this  is  almbst  the  same  thing 
as  **what  go»  up  must  come  down." 

Before  we  get  into  the  circuits'  actions  of  releasing 
equipment,  you  need  to  realize  which  relays  are 
operated  in  both  trunk  circuits.  In  the  local  trunk 
rela>^  CB,  RDl,  RDll,  SRI;  SRil,  and  RS  are 
bpcrated. 

In  the  distant  trunk  relays  PL,  SW,  and  SR2  are 

operated.    _        _   .    __        _  __ 

Calliiig  Party  (Local  CHTIcel  Hangs  Up  Rrst. 
When  the  ^Jling  j»rty  hangs  up^  he  opens  the  line 
loopjthatwas  the  operating  path  of  the  CB  relay. 

CB  relay  (local  office)  releas^.  Contacts  1  and  2 
a^oniplish  nothing  at  this  time.  Contacts  3  and  4  opein 
the  circuit  to  PL  at  the  distant  exchange.  Contacts  6 
and  7  open  the  circuit  to  RDl,  placing  it  oh^slbw 
relsse. 

RD)  relay  (local  office)  releases.  Contacts^  1  and.  2 
remove  one  grbuhd  frbtn  SR  1 .  Contacts  22  and  23 
and  cx>ntacts  25  and  26  open  the  circuit  to  the  ac 
winding  of  SRI.  Contacts  22  and  21  and  contacts  25 
and  24  partially  close  the  circuit  tb  PL.  Cbntacts  7  and 
6  open  ^e  circuit  to  RD  1 1 :  Contacts  6  and  5  close  the 
circuit  to  the  peg  count  meter.  Contacts  3  and  4  open 
the  mbhitbr  lamp  circtiit. 

RDll  relay  (io^io^ce)rel^&,  ContacB  25  and  26 
partially  close  the  circuit  to  PL  for  an  incoming  call. 
Contacts  23  and  2^uirther  open  the  resistance  gtburid 
to  the  ring  side.  Contact  3  and  4  open  one  ground  to 
*  the  busy  lamp  at  the  attendant's  cabinet.  Contacts  21 
ahJJ  22  remove  one  ground  from  the  back  sleeve. 
Contacts  30  and  28  open  the  lock  path  to  RS,  while  28 
and  29  cJose  a  new  circuit  to  the  tip  from  the  distant 
9/?ip|^^  Ppntac^^  A  J"c-<KUblish  the  idle  line 

termination:  Contacts  8  and  9  open  the  circuit  to  the 
PC  meter.  The  local  office  will  remain  in  this 
condition  until  the  distant  end  releases.  Relays 
operate  are  SR  1 ,  SR  y ,  and  RS: 

PL  relay  (distant  officie)  releases,  PL  released  t^cause 
-  of  CB  relay  in  the  local  office.  Contacts  l  and  2^bpcn 
the  loop  to  the  connector  CB  relay  which  starts  the 
release  of  the  ihcbtning  selector.  Contacts  4  and  5 
PJ^  the  cifoiit  to  SW  (SW  will  DPt  release  until  the 
forward  switch  train  releases.  Contacts  4  and  3  close 
the  circuit  to  relay  SH2cin  the  distant  office. 

_R^la£  SH2  accomplish^  nothing  at  this  time.  X^eri 
the  switch  train  releases,  the  ground  is  removed  from 
the  sl(^ve,  and  SW  will  release.  " 

SW  relay  (distant  office)  releases,  Cbntacts  3  and  4 
open  the  circuit  to  SR2.  Contacts  9  and  16  open  the 
BL  lead.  Contacts  5  and  6  remove  the  busy  ground 
from  thcj^l^^tor  wire  bank.  Contacts  7  and  8  and  1 
^  and  2  farther  open  the  loop  to  the  incoming  selector: 
Contacts  2r\and  22  further  open  the  pulsing  path  to 
the  incdmingssclector.  Cbntacts  and  24  open  the 
lock  path  to  S\V^ Contacts  12  and  13  prep^e  a  circuit 
to  the  monitor  lamp. 
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SR2  relay  (disiaht  offlct)  rtieas^,  Co ntfwts  1 ,  2 ,  and 
3  of>|n^ihe  circuit  on  the  wp  side  and  the  RS  relay: 
Contactt  21,  22,  and23  open  the  circuit  to  _R  side, 

RS  relay  (focal  office)  rike^a.  Cont|w:ts  25  and  26 
open  thecirettit  to  SR I .  Contactt  5  and  6  tarn  oot  the 
busy  lamp.  Goniacts  23  and  24  rexnbvc  the  busy 
groAind  fiom  the  sleeve.  Cohtacts  3  aiid  4  open  the 
IdckjMth.  '  _  

SRI  relay  (local  office)  releases.  Cohtacts  5  and  6 
open  the  cirniit  to  the  HS  Jef^ 
^mialiy  ^inpi^e  the  circuit  to  SH-I-  Contacts  25 
and  26  close  the  idle  line  termihatioh.  Contacts  1  and 

2  open  the  ciixniit  to   -_  _ 

SRii  rHay  (local  office)  rdeaaes.  Contacts  1,  2,  and 

3  and  cbhl^ts  4,  5,  and  6  pjaps  the  tip  and  ring  back 
to  hornuU.  Contacts  21  and  22  fuither  open  Jhe 

to  RS:  Contacts  23,  24,  and  25  place  the  monitor  lamp 
circuLt  to  horrnaL 

Seizure  of  the  trunk  _fr_o_nl__thc_  a^^ 
switchboard  is  Just  the  smne  as  a  subscriber  seizing  the 
circuit.  The_Qperat6r  inserts  a  plug  into  the  trunk  jack 
and  dials.  The  cii^it  fimt^q^^  as 
we  d^oibed  in  discussing  the  selector  access. 

A  (^i  orit^hatihg  at  the  distant  end  will  function^as 
we  have  des^bed  for  an  out|^ing^^l.  TTie 
differ^ce  is  diat  the^istant  office  originated  and  the 
local  pjflce.  terminates  the  ca^^^^ 

Called  IHirty  Hiii^  Up  Flr».  If  the  callal jpi^^ 
hanp  up,  the  AB  rels^  releases.  This  action  reverses 
the  bat^ry  to  the  calling  party  back  to  horihal,  causing 
relay  SR2  iii  the  distant  offli^  to  relc^:  At  this  timej 

1.  Relay  SR2  (distant  office)  release.  When  the 
SR2  reliy  release,  1  and  3  and  21  and  23  reverse  the 
battery  to  tte  local  trunk  l^ck  to  normal,  causing  the 
SRI  relay  to  release.  _ 

l._  Relay  SRI  (local  ofTicc)  releases.  Cbritacts  I 
and  2  open  the  operating  path  of  the  RS  relay,  but  the 
RS  relay  has  a  hold  path  through  its  3  and  4  contacts. 

Excrcisei  (64D): 

Us^  foldbut  10  as  necesary  for  ^h  of  the  following 
exercises. 

1 .  State  what'  relay  operates  first  in  the  XY  Jwo- way 
dial-to-dial  uimk  circuit  on  an  incoming  calL 


2.  Clarify  what  prevents  ^ly  seiztu-e  of  the  called 
party *s  trunk  circuit  during  the  release  of  the  call. 


3.  Sjx^iify  when  relay  SR2,  on  an  incoming  call  to 
the  trunk  circuit,  operates  and  the  cause  of  its 
operating. 


4.  State  what  circuit  actions  are  a  direct  result  bf  the 
trunk  circuit's  CB  relay  operating  upon  seizure. 


5.  Specify  wheh  relay  SHl  in  the  l9<^l  trunk  bh  an 
outgoing  call  releases  and  what  its  releasing  does. 


64i.  Using  foidqal  tt*s  schematic  diagram  as 
nec<»siiry«  Identify  the  actions  in  the  inspector's 
ringback  circuit  duriiig  operation. 

Seizure.  The  inspectbr*s  ringback  circuit  is  seized 
when  the  special  se^nd  seleqto  switches  thr^^ 
This  extends  the  suC»briber*s  loop  to  the  tip  and  ring  of 
the  inspectors  ringback  circuit,  as  seen  in  foldput  1 1 
(found  in  a  separate  inclbsure),  operating  the  CB 
relay:  ^ 

In  our  discussion  bf  this  circuit,  the  *'W"  wiring 
^P^^^ioh  is  used.        then  bccurs|  

CB  re^  operates.  This  action  closes  a  circuit  to  RD. 

RD  relay  bf>eraies.  This  action  prepares  a  path  to  the 
SW  relay^  It  also^a^^  back  S  lesol  to 

hold  the  preceding  equipment  and  to  mark  this  circuit 
busy  to  other  calb._ 

The  Itipalle^  Hangs  Ujp.  When  the  inspector 
disconnects,  the  T  and  R  loop  is  opened  to  CB.  At  this 
time:  

CB  relay  r^ores.  This  action  opens  the  circuit  to 
RI3U  closes  a  circuit  to  SW.  

RD  relay  rmdtns  operait^^^  stays  operated  due 
to  Its  slow  reli^uie  diara^ristic. 

SiV  relay^perat^.  This  action  cccIqs<»  a  holding 
circuit  to  RD,  applies  ground  to  the  ST  l«^  of  the 
(S)mmon  supervisory  circuit,  connects  the  REV  G  lead 
to  the  RV  rclay^  connects  ground  to  the  T  side  of  the 
calling  line,  and  applies  ringing  gtmeratdr  through  the 
ac  wmding  of  RT  to  the  R  side  oHhe  line  to  ring  the 
stations  on  the  R  side  btthc  line.  When  ground  pulse 
appears  over  the  REV  G  lead,  a  circuit  is  clds^  to 
RB.     

R  y  relay  openUG.  This  transfm  ground  from  T  side 
of  the  line  to  the  R  side  of  the  line  and  transfers  ih^ 
continuous  generator  1^  from  the  Rjide  of  the  line 
to  the  T  side  to  ring  the  stations  conhccted  on  the  tip 
side  of  the  line.  When  the  ground  pul^  on  REV  G 
lead  is  removed,  the  circqit|p  RV  is  opened. 

RV  relay  r«fbre$.  Thi?:reappries  continuous 
generator  to  the  R  side  of  the  line  and  reconnects 
ground  to  the  T  side  of  the  line: 

The  Imtaller  Lifts  ilie  Hambei.  When  the  called 
party  awwert,  a  direct  cui^^  closed  to  RT 

due  to  eittier  tripping  or  superimposed  battery  over  the 
generator  lead.  At  this  time: 

^Tr^toyojtwfl^/o/tt  its 
'*X*'  preliminary  maJce  contacts,  closing  a  circuit  to  its 
bd  winding. 
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RT  relay  fidly  bperata.  RT  operates  fully,  trips  the 
ringing,  opens  the  ciroiit  to  SW,  fcmdvw  the 
ground  from  the  sleeve  lead  of  the  preceding 
equipment  when  '*W"  wiring  is  used.  The  preceding 
equipment  will  now  be  l^id  by  ground  dri  the  S  lead 
via  "W''  wiring^  ___       _  _ 

SW  reUn^  r€lea5es._SW  restores,  reconnects  the  CB 
r«cl*y  to  tlK  T  arid  R  Ibop^ldsirig^thc  cf^  CB, 
opens  the  circuit_to  RD,  jemoves  ground  from  the  ST 
lead,  and  removw  the  REV  G  lead  from  the  RV  relay. 
RD  remains  operated  due  to  its  slow  release 
charscteristics;     

CB  relay  reoperdtes.  This  rccloscs  a  circuit  to  RD. 
Cifaiit  is  now  held  by^W"  wiring. 

The  instdier  Hangs  Vp  for  the  ^ecood  Time. 
When  the  called  party  disconnects,  the  T  arid  R  loop  is 

opened  to  CB.  This  happens  now:  

_€B  relay  restores.  This  action  opens  the  circuit  to 
RD. 

RD  rttay  rieso  circuit  to 

RT  and  removes  ground  from  the  back  S  lead, 
al lowing  the  preceding  equipment  to  restore. 

RT  re^gr^.  This  lets  the  cif^it  be  tutored  to 
normal  and  makes  it  available  for  other  calls. 

NOTE:  If  "W"  wiring  is  not  used,  when  the  call  is 
l*iwcr«l,  the  dperition  of  R^  ground 
from  the  B  lead  of  the  preceding  ^uipment,  releas- 
ing the  equipment,  and  the  circuit  will  restore  to 
ribrmal  upon  the  release  of  SW  and  RD. 

Exercises  (641): 

Use  foldout  1 1  as  necessary  for  each  of  th«e  exercises: 

1 .  Specify  what  reiays  operate  during  seizure  of  the 
inspector's  ringback  trunk. 


2.  Clarify  the  initial  function  of  contacts  3  and  4  of 
relay  RD  in  the  inspector's  ringback  circuit. 


3.  SpMCcily,  when  the  installer  hangs  up  the  first  time, 
what  actions  occur  in  the  inspector's  ringback 
trunk. 


4.  Clarify^withbut  the  wiring  option  in  use— 
what  happens  in  the  inspector's  ringback  trunk 
when  the  installer  lifts  the  handset  to  stop  it  from 
ringing.  Why  does  this  occur? 


642.  Using  foldbiiis_12  and  IJ's  schematic  diagranis 
as  necessary,  identify  the  actions  that  occur  in  the 
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atieiKlaiit*s  ciblriet  and  the  operator*s  trunk  circuit 
during  operation. 

) 

_  The  switchboard  in  XY  central  offices  is  made  up 
of  a  ]>^sjtiqn  and  dial  circuit,  and  operator's  circuit, 
and  15  Sdrd  circuits:  Foldout  12  (found  iaa  separate 
inclosur^)  is  a  schematic  diagram  of  these  three  riiajof 
circuits  j^d  how  they  connect  together.  Anything 
shown  connected  to  a  coxd  circuit  is  a  multiple 
connectioii  to  all  15  cord  circuits. 
*  _  In  addition  to  the  above  circuits,  we  are  going  to 
discuss  the  convertible  line  circuit,  used  as  a  magneto 
and  a  common  battery  circuit,  arid  the 
d]*crator's/infonlw  level  trunk.  Now  let's 

see  how  each  circuit,  shown  in  foldout  12,  works,  as 
well  as  how  well  they  work  all  together. 
_  _PP*p^*9?'5_Q*'^ult,^nic  qpci^tor's  circuit  permits 
the  ope^or  to  talk  or  monitor  on  any  one  of  the  cord 
circuits^The  operator  inserts  the  headset  into  jacks  A 
arid  B.  This  completes  a  circuit  to  relay  OB  in  scries 
with  the  retardation  coil  REl  and  the  operator's 
transmitter.  - 

headset  transmitter  is  connected  Across_  the  7-8 
winding  of  induction  coil  IC  through  ih<i  T  leads  of 
jacks  A  and  B  and  capacitor  C5.  The  voice  currents 
cause  capacitor  C5  to  charge  and  discharge  through 
the  8-7  windings  of  iriductiori  coil  IC.  This  change  of 
current  aiU^  indu<^  y*5''t2ie  m  the  1  - 2  windings  of 
indu<5tion  coil  IC.  Voice  currents  are  kept  out  of  the 
battery  by  the  high  iriipcdarice  of  the  windings  ori  relay 
OB  and  (X)il  RE|. 

fransminer  circuit,  secondary  side.  The  T  and  R 
leads  of  the  positiori  arid  diarcircuit  are  obririected  to 
the  i -2  winding  of  induction  coil  IC  through 
capacitors  CI  and  C2.  _ 

Receii^r  circuit.  This  circuit  is  frdriijhe  T  lead  of 
th^  position  and  dial  circuit,  terminal  2  of  the 
operator's  and  position  switching  circuit  plate 
terminal  board,  contacts  24  arid  25  of  relay  S\y^^^^^ 
Mipacitor  CI.  From  capacitor  CI  the  circuit  proceeds 
through  contacjts  3  and  4_  of  relay  MO,  the  1-3 
wiridirigs  of  iriductiori  pDil  lCv  contact  9^8  of  relay 
MO,  terminal  1 1_  of  the  operator's  and  the  position 
switching  circuit  plate  terminal  board.  Then  the  circui|^ 
follows  the  RT  lead,  the  S  lead  of  jack  A,  the  S  lead  of 
plug  A,  the  receiver,  t)ie  S  lead  of  plug  B,  the  S  lead  of 
jack  B,  and  contacts  2-1  of  jack  X>,  the  RR  lead.  Next, 
it  moves  through  terminal  16  of  the  operator's  toard, 
contacts  26  and  27  of  relay  MO,  and  position 
switching  circuit  plate  terminal.  After  this,  it  follows 
the  4-2  winding  of  iriducgiori  cpil  lC  arid  contacts  21 
and  22  of  relay  MO  to  ^pacitor  C-2.  Therfce  the 
circuit  goes  from  capacitor  C-2  through  contacts  22 
arid  21  of  relay  SWl,  terriiiriial  7  of  the  bpcrator's  arid 
the  position  switching  circuit  plate  terminal  board,  to 
the  R  lead  of  the  position  and  dial  circuit.  This  circuit 
connects  the  operator's  receiver  circuit  across  the  T 
and  R  leads  of  the  cord  circuit. 
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Varistdr  CRl  is  cohhccted  across  the  RT  and  RR 
jii^ds  to  r^uce  cHcks  iii  thc^pcratbr's  fecciver^^ 
any  sodden  surges  of  current  occnr  in  the  receiver 
circuit,  such  as  occur  when  the  headset  plug  is  inserted 
into  the  JacJuk  

talking.  iDperating  the  TAtK-^ON  switch  of  any 
cord  cii^t  to  the  TALK  position,  complete  a  circuit 
to  relay'OC^   

At  this  time  wewill^nly  deal  with  **X"  contacts  21 
and  22  of  relay  OC.  Contacts  21  and  22  complete  a 
circuit  to  relay  OT  in  the  operators  and  position 
switching  circuit. 

__?^P_n tacts  22  and  21  disconnect  resistor  Rl  from 
across  the  T  and  R  l^ds^Thc  traiisiriissibh  circuit  for 
the  operator  is  now  complete. 

_VpJcc  currents  through  the  7-8  winding  of 
induction  coil  IC  induce  voltage  in  the  1-3,  3-4,  and 
4-2  winding  of  Induction  coil  iG.  The  vokage 
iD5^tic^  in  these  windings  is  extended  to  the  T  and  R 
leads  of  the  cord  circuit. 

Listening.  The  voice  currents  from  the  cord  circuit 
extended  through  the  opcratbr's  arid  position 
switching  circuit  to  the  1-2  v^ndmg  of  induction 
IC,  through_the  circuit  drtcribcd  under  the  hiding 
R^^cinvcr  Cifcuit.  Thfs  voice  currents  through 
induction  coil  IC  divide,  w[th  the  smaller  portion 
flowing  through  the  3-4  winding  and  the  larger 
Pprtioil  flqwihg^  through  the  receiver.  The  receiver  is 
bridged  across  the  3-4  vvinding^Capacitort  CI  and  C 
open  the  circuit  to  direct  ourcnt  from  the  cord  circuit 
to  Pjwirot  th^^^  circuit  relays  frorii  locking  in  the 
operated  position  and  poling  the  receiwr  unit. 

Now  that  we  have  the  capability  to  talk  and  listen, 
let  us  get  connected  to  a  circuit  arid  talk  to  sbirieorie. 

Operator's  Trunk  Circuit.  One  of  the  Jtiost  used 
associate  switchboard  circuits  is  the  information  or 
bpcratpr's  trunks.  One  is  accessed  from  the  0  level  of 
first  selectors,  while  the  other  js  ajxaoed  from  the 
third  level  of  the  special  second  seleaors.  But  the  same 
circuit  is  used  for  both. 

Seiuire.  To  iseize  the  infortnation  or  operator  trunk 
circuit,  shown  in  foldout  13rfie  T  and  R  loop  from 
the  user's  telephone  is  extended  through  the  preceding 
switching^]uipment  to  relay  CB  in  the  trunk  circuit. 
This  causes  relay  CB  to  operate.  At  this  point: 

J?®  J*ll^y_opcrat»-'^-Cb^  1  and  2  prepare  a 
holding  circuit  for  relay  Stl:  Contact  4  and  5 
cbmplcto  a  circuit  to  relay  RD. 
^^^._?lb  relay  opcfates^^qritai^  1  Jm^  extend 
ground  to  the  ST  lead:  This[<susa  the  ringing 
equipment  to  function.  Contacts  3  and__4  coriiplete  a 
cir^t^tq^thc  BL  and  the  LL  l«Si.  This  causes  the 
busy  lamp  and  bie  tine  lamp  at  the  attendant's 
switchboard  to  light.  Co^^cts  21  and  22_prq:N3ire  a 
holding  circuit  tqr  relaj^SLl.  Contacts  24  arid  25 
extend  ground  back  over  the  S  to  hold  the 
preceding  switch  train.  Contacts  23  and  24  remove  a 
ground  from  the  ATB  lead.  Contact  5  arid  6  oomplete 
a  circuit  for  ringback  tone  to  tlie  calling  party. 


Operator  answers.  The  lighted  linellamp  at  the 
switchboard  indicates  ah  ihcoiriihg  call.  To  ariswier  the 
call,  the  operator  inserts  an  answer  .cord  into  the 
appropriate  jack.  This  extends  the  Tand  R  loop  from 
the  switchbdard  to  the  calling  party.  The  S  lead  of  the 
answer  cord  connects  r^istance  negative  battery  to  > 
relay  SL,  causing  SL  to  operate.  The  operation  of  the 
cord  circuit  will  be  covered  later  in  this  lesson.  At  this 
point: 

1 .  SL  relay  oi^rato;^ — Contacts.?  and  8  provide  an 
alternate  holding  circuit  to  re^^^^^^  Contacts  1  arid  2 
and  3  and  4  open  the  circuit  to  relay  CB  and  it 
release,  performing  no  function.  Contacts  5  and  6 
conlplctc  a  circiul  to  relay  SLl  . 

2.  SLl  relay  operat^i — SLl  contacts  23  and  24 
further  open  the  ATB  lead.  SLl  contacts  1  and  2 
prepare  a  circuit  to  the  peg  count  riieter  bri  the  PC 
l^d.  SLl  contacts  21  and  22  complete  a  holding 
circuit  for  itself.  SLl  contacts  25  and  26  open  the 
cjrcuit  for  ringback  tbrie.  SL  1  contacts  3  and  4  reriibve 
the  ground  from  the  ST  lead,  causing  the  ringing 
equipment  to  stop  functioning.  SLl  contacts  5  and  6 
open  the  circuit  to  the  lirie  lariip. 

At  this  point  the  trahsmissipri  circuit  is  completed 
between  t^hc  opjM-atdr  ^nd  the  calling  party. 
Transmission  battery  is  supplied  by  the  cord  circuit. 
During  trarismissibri  relays  SL,  RD^  and  SLLxcmain 
operatexl.      _  _-   

All  good  things  mttst  come  t6  ^^-^fi^^^^^^  i^  is 
with  this  conversation.  "j^Tm]*-  y^^^^^^ 
under  two  conditions:  (1)  re[g^>^ling  i^acgr  first; 
and_(2)  the  operator  disconnects,  first. 

Release,  calling  party  ^rst.  If  thfe  calling  party 
disconnects  fi«t,  the  supervisory  femp»at  the 
switchboard  lights.  The  operator  then_removes  the 
^swejr  cord  from  the  trunk  circuit  jack.  This  opens  the 
circuit  to  relay  SL.  Then, 

1 .  SL  relay  release.  Contacts  7  and  8  open  the 
circuit  to  relay  RD.  The  remaining  contacts  of  relay 
SL  are  of  no  impormnce  at  this  time. 

2.  RD  reli^  relea$4».  Contacts  3  and  4  open  the 
cjrciiit  to  the  busy  lamp.  Contacts  24  and  25  xempve 
the  ground '^om  the  S  1^,  causing  the  preening 
^uipment  tS4el<»se.  Contacts  23  and  24  cojnplete  a 
circuit  to  thje  peg  c»iint  metier  over  thie  PC  lead, 
Contacts  21  and  22  open  the  circuit  to  relay  SLl:  The 
remaining  contacts  have  no  importance  alt  this  time. 

SLl  rielay  relea^^  Contacts  1  and  2  rieriibvc  thie 
ground  from  the  PC  lead.  Contacts  23  and  24  place  a 
ground  on  the  ATB  lead.  The  remaining  contacts  have 
no  iriipbrtariize  at  this  tiriie. 

Openitor diso^nneas^jfirst.^T^  removes  the 

ariswer  cord  frbrii  the  trurik  jack.  This  opens  the  circuit 
to  relay  SL:  Then, 

1 .  SL  relay  releas«r— Contacts  1  and  2  and  3  and  4 
cx)rilplete  a  circuit  to  rela^  Contacts  7  and  8  bpcri 
the  circuit  to  RD.  RD  is  a  slow*to*rel^se  relay.  It  thus 
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remains  operated  long  enougtrfor  relay  Cp  to  operate 
to  complete  a'  holding  circuit  to  it. 


Exercises  (642); 

1.  State  whai  rel^  in  the  c»rd  circuit,  sto 

foidout  12,  operate  from  the  sleeve  of  an  answer  ^ 
cord  that  is  plugged  into  an  operator's  trunk  line 
jack  (FO  13). 


2.  GTvc  the  purpose  of  the  ground  at  contacts  1  and  2 
of  relay  CB  in  the  operator's  trunk. 


State  the  functi^^^^  25  of  relay  RD 

in  the  operator's  trunk  perform: 


4.  List  the  three;  functions  accomplished  by  the 
operation  of  relay  SL  in  the  operator's  trunk. 


643.  Using  fbldoiits  12  and  13's  schematic 
diiyiraiiis,  as  Decenary,  idefitl^  the  actions  thaj 
occur  in  the  attendant 's<  cabinet,  the  information 
tniiik^  and  the  out-dial-to-cohhectbr  circuits  during 
operation. 

Cord  Clrctiit.  Let  ils  how  look  at  the  cord  circuit 
for  a  short  while.  You  remember  that  the  attendant's 
(abinet  in  the  Strbwger  system  mod  the  sleeve 
cbhdi tipri  of  the  li he  jack  to  dctcrmihc  which  circuits 
required  that  transmission  battery  be  supplied  by  the 

coril  circuit  and  which  do  not.   

_  Simiiafly,  the  oJ)C  cord  circuit 

relays  is  determined  by  one  of  three  conditions  on  the 
jack  sleeve:  (I)  low-rwistancc  ground,  (2)  hjgh- 
r^istanqr  Jroiihd ,  or  (3 )  absence  of  gf bund.  The 
operation  of  the  cord  circuit  relays  determines  whether 
the  cord  circuit  will  supply  transmission  battery  to  the 
line jmd  whether  supervision  will  be  pfoyid<si.  The 
conditions  of  the  jack  sleeve  are  determinedly  the 
circuit  to  which  it  is  connected. 

 pp^r^^^^cegwundo^  cord  circuit 

provides  ground  and  transmission  battery  to  the  T  and 
leads  of  the  cord  plug  and  loop  supervisibh  under 
lis  oqhiiition^ 

ItTie  circuiS  thatprovide  iow-resistfuicc  ground  on 
fie  jack  sleeyc  arc  CB  lines,  O  level  truhk,  information 
selaaor  level  trunk,  .and  connector 
intercept  trunk.  _  __ 

Higf>r€siaahoe  ground  on  the  sleeve.  LB  line 
circuit  and  combination  trunk  are  arranged  to  provide 


this  potential  on  the  jack  sleeve.  The  cord  circuit  does 
hot  provide  trahsmission  battery  and  grduhd; 
howcycr,  ring  off  supervision  Is  provid^; 

Absence  of  ground  (open  sleeve).  When  ground  is  hot 
preseht  on  the  S  lead  of  |he  jack  sleeve,  the  cord  circujt 


^9?5  noi  j5rovldc  tranj 
Reverse  battery  su 
dial-tb-pohhectbr, 
line,  aiid  the  jack  si 

with  a  new  ^pprefiai 
circuit,  we  move  to  ah 
truriH  and  how  it  worl 
circuit.  Foidouts  12^ 


iioti  battery  and  ground: 
\%L  providiKl  from  the  put- 
11  tnihk,  and  but-dial-tb- 

,5Pfn.  ; 

I  of  the  wonders  of  the  cord 
icbmihg  call  on  the  b^ratbr's 
gn'ttonjunction  with  the  cord 
nd  13,  found  in  a  separate 
ihclbsure,  will  be  liMd  during  th» 
diai-to-connector  circuit  is  not  shown  in  this  volume^ 
it  is  connected,  as  was  Uie  Strowger  circuit,  in  multiple 
with  the  tip  and  Hm  leads  of  th^  cbhh^br;  with  a 
busy  tamp  (BL)Jeara^conm;»nor  to  a  set  of  RD  relay 
contacts;  wliich  place  a  ground  on  the  lead,  when  the 
cbhnectbr  is  ih  use,  to  li^t  the  bU^  lamp. 

Call  f^on  Infornntion  trunk  to  Out-Dial-to- 
Connector  Timnk.  The  first  description  of  circuit 
bperatibh  will  be  a  call  from  a  sub^ij^f  thrbu^  the 
operator  trunk  (low  resistance  on  sleeve)  to  another 
sub^riber  through  ah  out-dial-tb-cphhectbr  thihk. 

5ei^e.  The  suIwotIw  dii^  'l^nnal 
switch  train  and  seizes  the  information  trunk,  shown 
in  fbldout  13.  At  this  point  the  CB  bperates  and 

cbmpletjK  a  ciron^   

RD  relay  operates.  Ai  this  time  contacts  3  and  4 
complete  a  circuit  to  the  line  lamp.  This  signals  the 
bperatbr  of  an  in^ming^lL 

Operator  answerr^jDperator  inserts  answer  plug  into 
ihfonhatibn  jack,  The  bperatbr's  trunk,  shbwn  in 
foldbut  1 3,  has  a  Jow.reijstance  ground  on  the  sleeve: 
This  ground  is  throttgh  the  320-ohm  windihg  of  relay 
SL,  At  this  time  a  circuit  is  cbmpletcd  tb  relays^^^^ 
and  RLS  in  the  cord  circuit,  shown  in  foidout  12,  and 
relay  SL  of  the  information  trunk,  shown  in  foidout . 
13. 

Relays  (cord  circuit)  RHS,  RLS  operate  RHS 
performs!  no  important  fiihction  at  this  time.  RLS 
cbhtactSvO  juld  9  complete  a_cij;cUit  to  the  answer  c^ 
^?P*^'^^^ry  I^P-  contacts  2  and  3  and  5  and  6 
extend  ground  and  battery  to  the  calling  party  ahd 
clbsc  a  di^it  tb  rela^  RR  

b.  SL  relay  (info  circuit)  operates^SL  relay  in  the 
operator's  trunk  opens  the_circiiit  to  CB  and  completes 
a  circuit  to  SLl .  SLl^  bF«||^ecircuit  to  the  line  lamp.^ 

c  RB  relay  (cord  circuiO  operates.  Contacts  1  i^d 
2  open  the  circuit  to  the  answcrcbrd  supervisory  lamp. 

€>perator  operate  TAUC-MON  key  to  the  TALK 
positioh.  With  the  key  ih  the  TALK  pbsitibh,  its 
contacts  ID  and  20  complete  a  circuit  to  operate  the 
OC  reia^  to  its  **X"  contacts.  At- this  point;  ^ 

a.  OC  relay  operates  to  its  "X"  contacts.  Cbhtacts  1 
and  2  complete  the  circuit  to  operate  the  OC  relay 
fully. 


53 


_  j>.  OC  operate  fally^and  MR  relay  operates.  The 
OC  and  MR  relays  are  in  series  through  OG  "X'' 
contacts.  Both  reliiyi  operate  at  this  time. 

DC  contacts  10  and  12  and  13  and  J  4  make  before 
?9D^?^  IL^'^  l^.M^.  and  12  break.  These, 
contacts  inserts  part  of  the  position  and  dial  circuit 
bctw^h  the  T  lead  of  the  aniwer  cord  plug  arid 
terminal  5  of  the  rgjeating  coil  RC;  without  opening 
the  circuit  Contacts  25  and  27  and  28  and  29  make 
before  contacts  26  and  25  and  29  and  27  break.  Th«je 

^^^^  P^J^  :^^i  }^^_P^Ai^^ 
between  ihe  _R  lead  of  the  answer  cord  plug  and 
terminal  8  of  repeating  coil  RC  without  of^ning  the 
circuit.  Contacts  5  and  7  and  8  and  9  make  l>cfbrc 
contacts  6  and  5  and  9  and  7  break;  These  contacts 
insert  part  of  the  position  dial  circuit  bctwwn  the  T 
i«Hl  of  the  call  cor6  plug  and  terminal  1  of  reputing 
coil  RC  without  opening  the  circuit.  Contacts  30  and 
32  and  33  and  34  make  before  contacts  31  and  30  and 
34  and  32  br«Uc.  These  contacts  Jnsen  part  of  the 
position  and  dial  circuit  between  the  R  lead  of  the  call 
cord  plug  and  terminal  4  of  repeating  coil  RC  without 
opening  the  circuit.  Cqntactf  21  and^  complete  a 
circuit  tOLDELay_OT_in_the  operator's  circuit. 

^R  contacts  1  and  2  complete  the  circuit  to  relay 
MR  1 .  MR  contacts  3  and  4  open  the  operating  circuit 
tc5  the  OC  relays  in  th^  cord  circuits.  This 

prevents  the  OC  relays  of  two  cord  circuits  from 
operating  at  the  same  time  if  rwo  TALK-MQN 
witch<»  arc  ojMsrated  tb^^^^  ^sitioh.-  MR 

contac^6  and  7  prepare  a  circuit  to  relay  TR  in  the 

operator's  circuit.   

c.  OT  and  MR  1  relays  operate.  OT  cbiitacts  22  and 
21  disoonnea  rcsi^or  Rl  froni  across  the  T  and  R 
leads.  MRl  contacts  1-2  removc^ound  from  the  CT 
lead  to  the  succeeding posiU  a  double 

connection  during  position  switching: 

.^^y^^T^^on  and  connector  seizure.  At  this  point 
converntion  am  now  takejla^  bewom  the 
and  the  aUUng  party.  Transmission  battery  to  the 
^lihgparty  is  furnished  by  the  cord  circtiit  Battery  is 
supplied  throt^  the>db  windingi>f  relay  RB.  Ground 
is  supplied  through  the  bd  winding  of  relay  RtS^  The 
opcfatbf  will  now  extend  the  call  for  the  calling  party 
usmg  an  out-dial-tt>-ODnnectDr  trunk^  FO  3  for 
the  tip  and  ring  connections  to  the  connec^  circuit.) 
The  out«^al-to>^nn^tt>r  trtiiik  has  ho  potential  oh 
the  sleeve,  llie  bperator  inserts  the  caA\  cora  Into  ail 
but-diid-tb-cphnectpr  jack.  This  cbmplctesa  circuit' to 
relay  FB  and  the  CB  in  the  <^nhectbr.  Battery  and 
^nouhd  to  operate  die  FB  a  ftmiished  from  the 
connector  through  the  wihdin^i  of  relay  CB.  Here: 

?  ^^^S^^P*^*?^'  thc  .conncc^^^  is  aeized. 
Contacts  2  and  3  complete  a  circuit  to  light  the  call 
cord  sii|>eryispry  lamp.  The  circuit  is  now  completai 
to  the  connector  for  the  operaU)r  to  dial  the  dj»ired  ' 
hiunbcrs.  Operator  turns  dial  off  normal.  When  the 
l^.^u'^i^  of(  normal,  tte  shunt  springs  close  and 
completes  a  circuit  to  relay  FON. 


b.  Relay  FON  operates.  Contacts  6  and  5  open  the 
circuit  lo_  relay  OT  in  the  operator's  circuit.  Contacts 
24  and  23  and  26  and  25  6(>en  the  T  and  R  leads  to  the 
operator's  circuit.  Contacts  21_and  22_and  3  arid  4 
connect  capacitor  C2  across  the  RTL  and  RR 1  ieads: 
This  prevents  clicks  in  the  receiver  of  the  calling  party 
when  FON  1  operates  or  releases.  Contacts  1  aiid  2 
complete  a  circuit  to  relay  FON  i. 

c.  Relay  OT  releases  and  FONl  operates.  OT 
contacts  21  and  22  oonnect  f«;istbf  Rl  across  the  T 
and  R  Leads  in^he  operator's  circuit.  FON  1  contacts 
1-2  and  2,} -2/ make  first  and  connect  the  impulse 
spring  of  the  dial'  to  the  FT  and  FR  leads  in  scries 
with  resistor  R2  to  hold  the  connector  operated. 
FpNr  contacts  3-4  complete  the  hold  circuit  to  relay 
FON:  FONl  contacts  23-24  shunt  resistor  R2  from 
the  dialing  circuit.  FON  i  coiifacts  26  and  25  and^6 
and  5  discbnriect  the  FT  and  FR  leads  from  the  FTl 
and  FRl  leads.  This  opens  the  circuit  to  the  1  and  3 
and  4  and  2__wihdihgs  of  repeat  coil  RC  in  the  cord 
circuit  and  f6  relay. 

i  FB  relay  release.  Contacts  2-3  extinguish  the 
call  cord  supervisory  lamp.  At  this  point,  the  impulse 
springs  of  the  dial  a  the  CB  relay  in 

the  connector  through  the  call  cord. 


Dial  pulses.  While  the  dial  returns: to  normal,  the 
impulse  springs  break  and  make.  This]  bpens  and 
clos«i  the  circuit  to  CB  relay  in  ihW'  conneaor, 
stepping  the  XY  switch  in  the  X  direction. 

Dtai  returns  to  normdh  The  impulse  springs  arc 
closed  now  maintaining  the  connector  operated.  The 
shuivt  springs  break  and  open  the  circuit  to  relay 
FON  1 .  Therefore: 

?^^l^_y  fPRl  rcleas«.  Contacts  23  and  24 
remove  ihe  shunt  from  raistors  R2.  This  places 
resistbr  R2  in  series  with  the  impulse  springs  and  the 
FT  and  FR  levels.^  Contacts  6  and  5  and  26  and  25 
connect  the  FR  and  FT  leads  to  the  FRl  and  FTl 
!^ads  frbm  the  cord  circuit  to  complete  a  loop  circuit 
to  re[ay  FB.  This  causes  FB  to  oj^fatc^  Contacts  3  arid 
4  Open  the  circuit  to  relay  FiDN.  Contacts  I  and  2  and 
2_l_2trid  22  bperi  the  circuit  from  the  impulse  springs  of 
the  dial  to  the  cokI  circuit. 

h.  Relay  FB  operates  and  relay  FON  releases.  FB 
contacts  2_amd  3  cbmp!^^^^^  circuit  to  light  the  call 
cord  supervisoiy  lamp.  FON  contacts  3  and  4  arid  21 
and  22  open  the  circuitfrbm  capacitor  C2  to  the  cord 
circuit.  TON' com  complete  a  circuit  to  relay 

OT  of  the  operator's  circuit.  FON  contacts  26  and  25 
and  24  arid  23  connect,  the  T  and  R  leads  of  the 
operator's  ciraiit  JO jhc  RTl  J^   RRl  Iwids. 

c.  Relay  OT  operates:  Contacts  21  a^d  22  remove 
resistbr  Rl  from  across  the  T  aad  R  leads  in  the 
operator's  circtiit.  The  circuit  will  fiirictibri  just  as  wc 
have  already  described  for^the  digit  dialed  to  step  the 
XY  switch  in  the  Y  position.  After  dialing  has  been 
completed,  the  connector  rings' the  called  party. 


The  ooAled  pany  wtswrn.  When  the  csAV&d  party 
answers  his  line  lcK>p  js  clg^.  At  this  jxiirii:  

a.  Relay  AB  opcrates^ln  conneaor:  \Vhen  the 
<^11^  party  answers,  the  AB  relay  in  the  connector 
operates.  Relay  AB  reverses  the  battery  and  ground 
potential  on  the  T  and  R  leads  to  the  caU  cord:  This 
permits  the_  current  to  flow^hriiujgh  the  B  section  of 
fcciifier  RFl  and  |hu^^^   

b.  FB  rc!By  r^^leascs:  Ca^uac*:^  ?^iiu6  ?  extinguish 
the  call  cord  san:;n'iscr/\  i<irnp.  This  i^.  a  visual 
ind i cation  i» the  ppttiiiqi  Iftat  coi; vt  «:  h  is  r aRiiig 
place.  The  operator  will  now  rest?  r«?  <  -  ;  :-k-M<3N 
switch^ 

T^y^-WON  jw^  I    i        _  Comac^^ 

lb- 2b  open  the  circuit  to  the  c  inding  of  relay 
OC.  Contacts  1C-2C  open  the  sej  ti::  rifcuit  ic  the  ac 
winding  of  relay  OC  and^^^^ 

d.  Relay  OC  and  MR  release.  6^  contacts  4  and  1 
prepare  the  ring-off  recall  circuit  to  iSr  call  cord.  OC 
(x>ntacts  24  and  23  prepare  the  ring  ofi  recall  circuit 
to  the  answer  cord.  OC  contacts  21  and  22  open  the 
circuit  to  relay  OT!  ^ 

The  remaining  contacts  of  OC  disconnects  the 
position  and  dial  circuit  from  the  cord  circuit  and 
connect  the  T  and  R  leads  of  the  coTds  to  repeating 
coil  _RC  without  j^pching  the  Joop  circuit. 

MR  contacts  3  and  4  partially  close  the  operating 
.circuits  for  the  €>C  relays  in  the  other  cord  circuits: 
MR  contacts  1  and  2  open  the  circuit  to  relay  MRl. 
The  remaining  con^^^^  have  no  ftinction  at  this  time. 

OT  fflid  MRi  relays  rel^e — 0T  contacts  21  and 
22  place  r^istor  Rl  across  the_T  and  R  leads  of  the 
oFHcratof'^s  J»  ^^titacts  1  arid  2 

place  ground  on  the  CT  lead:  The  operator  is  now 
disconnected  from  the  cord  circuit  and  the  position 
iind  dial  circuit.  Cmvc^  now  take  J)lacc 

between  the  calling  and  called  party:  Hie  position  and 
dial  circuit  is  freed  from  the  cord  circuit  ready  to  be 
iis«l  by  the  operator  for JWthcr  will. 

Monitoring.  If  the  opcfator  wishes  to  monitor,  the 
cphversatibn,  the  bi>cratpr  will  operate  the  TALK- 
MON  sv^ich  to  I  B  and  2B 

contacts  complete  a  circuit  to  relay  MO.  Thus:  _ 

Relay  MO  operates.  Contacts  4  arid  3  arid  22  and 
21  disconnect  the  T  and  R  leads  from  induction  coil 
IC  to  open  the  trahsminer  circuit.  Contacts  8  and  ID 
?nd  26  and  28  riiake  arid  coriricct  the  bperatqfs 
receiver  to  reputing  coll  RC  before  contacts  9  and  8 
and  27  and  26  break^d  disconnect  the  receiver  from 
the  iriductiqri  coil  IC.  The  niori[tonrig  d 
complete:  At  this  time  the  operator  can  rstore  the 
TALK-MON  switch  to  normal. 

TMJ^tMON switch  to  the  nqmal  fX}sition.  ContBCXs 
IB  and  2B  open  the  circuit  to  relay  MO:  At  this  fx>int: 

a.  MO  relay  release.  Contacts  4  and  3  and  22  and 
21  <»micct  the  T  and  R  J'Mids  to  induction  cqij  IC. 
Contacts  9  and  8  and  27  and  26  make  and  connect  the 
^^eceiver  circuit  to  induction  coil  IC  before  contacts  8 


and  i  O  and  26  and  .28  break  and  open  the  circuit  to 
repeating  coil  RC.  These  coritacts  preverit  clicks  on  the 
T  and  R  loop  through  the  cord  circuit  The  operator  s 
circuit  is  now  back  to  normal.  When  the^  calling  party 
discpririects,  the  T  arid  R  loop  to  the  RB  relay  iri  the 
cord  circuit  Is  opened. 

b.  RB  relay  release.  Contacts  1  and  2  obmplete  a 
circuit  to  light  the  ariswer  cord  siipervisbry  lamp.  The 
next  function  will  be  the  called  party  releasing.  When 
th^  called  party  disconnects,  the  answer  bridge  relay 
AB  iri  the  cbnrii^ctdr  relc^^  arid  c^^  (>olarity 
of  the  T  and  R  le^s  to  the  out-djal-to-connector 
jacks.  Jliis  caiuM^  FB  relay  jo  operate.  _ 

FB  _relaj^  bjwatjcs^  ^G^  complete  a 

circuit  to  the  call  cord  supervisory  jamp.  The  FB  relay 
will  remain  operated  until  the  operator  removes  the 
call  cord. 

Operator  removes  the  answer  cord:  When  the  answer 
«>rd  is  r^emoved,  the  circuitio  relays  RHS  and  RLS  in 
the  cord  circiiit  arid  relay  SL  In  the  operator's  trunk 
release.  Here:  ^ 

a.  RHS  and  RLS  in  the  cord  circuit  and  Si  in  the 
PF^^^j-'s  trunk  rcjcaae.  RHS  cbnU^  P«form  no 
function  at  this  time.  RLS  contacts  8-9  open  ^e 
circuit  to  the  answer  cord  stipcrvispry  lamp.  The 
remuriirig  cx)ntacts  of  RLS  have  no  function  at  this 
time:  SL  contacts  7  and  8  open  the  circuit  to  RD.  SL 
contacts  6  arid  5  open  the  operating  path  to  SLl  in  the 
operators  tnirik.  SLl  will  not  release  until  RD 
releastt^  • 

b.  RD  relay  in  the  operators  triirik  releases, 
Contacts  24  and  25  remove  the  ground  holding  the 
preceding  equipment  operated.  The  preceding  switch 
train  now  releases.  Contacts  22  and  21  open  the  circuit 
to  SLl  relay.  The  remaining  spntacts  of  RD  have  no 
function  at  this  time^ 

c.  SLl   relay  jn  the  operator's  trurik  f^^^ 
Contacts  of  SLl  have  no  fimction  at  this  time:  The 
information  trunk  is  now  at  normal. 


Operator  removes  the  call  card.  When  the  call  cord  is 
removed,  the  circuit  to  relay  FB  in  the  cord  circuit  and 
CB  of  the  coririei^of  is  q  Here:  

a.  FB  relay  in  the  cord  circuit  releases  and  CB  relay 
in  the  connector  relcasi».  FB  contacts  2-3  open  the  , 
circuit  to  this  call  cord  $upervisory  lamp.  CB  contacts 
restore  the  connector  to  normal.  The  cord  circuit  is  at 
normal,  now  ready*  for  the  operator  to  receive  and 
place  another  call. 

The  next  description  will  cover  the  operation  of  a 
call  from  a  local  battery  telephone  to  a  common 
battery  telephone.  An  LB  telephone  will  be  connected 
to  the  convertible  line  circuit. 

Exercises  (643): 

1 .  Specify  the  type  of  sicivc  the  switchboard  line  jack 
of  an  operator's  trunk,  shown  in  foldout  1 3,  rfas. 


2.  Give  the  main  function  of  the  RLS  relay  in  the 
cqfd  circuit,  shown  in  foldout  \2,  when  it  is 
operated: 


3.  Specify  what  relay(sjl  operate(s)  in  the  cord  circuit, 
shown  in  foldout  1 2,  when  the  call  cord  is  plugged 
into  an  out-dial-to-connector  jack^ 


4.  State  what  happens  in  the  cord  circuit,.frbnt  cord, 
shown  in  foldout  12,  when  the  AB  relay  in  the 
connector  operates,  and  why. 


644.  Using  foldoat  14's  schematic  dii^rains,  as 
nec^Miry^  identify  the  actions  tliat  occur  in  the 
attendant's  cabinet  and  the  convertible  line  circuit 
during  operation. 


Call  Fron  a  LB  to  a  CB  Circuit.  The  convertible 
lyi*'^ Jcjixiiit,  shds^  in  foldout  j4,  (found  in  a  sef^rate 
inclosure)  caaJ^  used  as  a  line  circuit  for  LB  (local 
battery)  arid  CB  '(cbmmoh  batteiy)  telcphpnw.^n 
czntyt  UMd  as  a  trunk  circuit  from  one  central  office 
to  another.  Using  the  ponvertible  line  circuit  as  a  trunk 
circuit  is  not  a  cotnmon  practice,  so  this  fixnction  will 
not  be  «>vercd  hcrc:_ 

Incomirvgi  call  firpm  a  LB  telephdn^  using  wiring 
options  EJf,  Xr  ond  Y.  Used  as  a  LB  circuit,  |he 
c^nvenj^c  shown  in  foldout  14,  provides 

a  hiefiras^itance^ou  on  the  sleeve.  Trahsriii^ioh 
bar^^^r  the  calling  jxuj^wll^^^  LB 
telepjione.  The  LB  subscriber  Itfts  the  handset  of  his 
telephone,  operates  the  hand  generator,  and  ringing 
ciurent^pcrates  the  LR^elay  in  tte  oonvcrtible  line 
circtiit  totits  "X"  contacts.  At  this  point: 

a._  LR^elay  in  the  convertible  line  circuit  operates 
to  **X''  contacts.  **X"  contacts  i-2  complete  the  circuit 
to  operate  the  LR  fully.  _       _  _  _ 

LR^ relay  opcrat«  fu!ly.  Coiita^ 
the  rihid^g  cir^t.  Contacts  5  and  6  complete  a  cirouit 
to  light  the  line  lamp  at  the  switchboard.  This  signds 
the  o{:«ratbr  of  an  in<^ming  can.  Contact  3  alio  4 
light  the  bisy  tamp  at  the  swi^board. 

"the  operator  inserts  an  answer  oord  into  the  line  jack. 
When  the  iricbmiiig  line  laitia  lights,  the  operator 
inserts  an  answer  cord  plu^  imB  the  jack  associated 
with  the  ihcbmirig  line  lamp.  Tfns  completes  a'  circuit 
to  relay  SL  in  the  odnvwtil^^^  Jcji^t  and  rejay 
RHS  and  RLS  in  the  cord  circuit  The  high  mistance 
of  the  circiUt  prevents  RLS  frorii  operating.  Here: 

a.  SL  relay  in  the jMmywtible  line  circuit  and  RHS 
of  the  cord  circuit  operate.  SL  contacts  21^  and  22 
close  a  circuit  to  relay  CO  in  the  convertible  line 


circuit.  RHS  cdniacts  1  and  2  pf epaf e  a  cijcuit  for 
recall  operation.  This  operation  will  be  ^described 
elsewhere  ill  this  cirfuit  description. 

d,  TALK-MON  ^itch  is  bpcratcd  to  the  TALK 
position;  Contacts  lb  and  2b  complete  a  circuit  to 
operate  the  OC  relay  to  its  "X"  contacts.  .  . 

__F'_OC  relay  operates  to  "X"  contacts.  Contacts  1*2 
complete  the  circuit  to  operate  the  OC  relay  fully^ 
_d.  OC.  relay  operates  arid  MR  relay  operates.  The 
and  MR  rela^  arc  m  OC*s 
**X"  contacts.  Both  relays  operate  at  this  timA 


be  contacts  10  and  12  and  1 3  anjd  L4  make  before 
contacts  1 1  and  10  and  14  aiid  12.  Thi^  conia^ 
insert  j>art  of  the  jwsjtion  and  dial  circuit  between  the 
T  lead  of  the  answer  cord  plug  and  terminal  5  6f 
repeating  coil  RC  without  bpehing  the  cifcuit.  OC 
contacts  25  and  27  and  28  and  29  make  before 
contacts  26  and  25  and  29  and  27  break.  These 
contacts  insert  part  of  the  jJbsitidri  and  dial  circiiit 
betw^n  the  R  Jead  of  the  answer  cord  plug  and 
termijial  8  of  repeating  coil  RC  without  opening  the 
circuit.       

OC  contacts  5  and  7  and-  8  and  9_make  before 
contacts  6  and  5  and  9  arid  7  break.  These  contacts 
inwrt  part  of  the  posiUjDipJd  diaU:^^^^  ^twcen  the 
T  lead  of  the  call  cord  plti^lnd  terminal  1  of  repeating 
cbil  RC  v^athout  ppcniri^  the  circuit. 

OC  contacts  30  and  32  and  31  and  34_makc  before 
contacts  31  and  30  and  34  and  32  break.  These 
coritacta^  1^^^  position  arid  dial,  circiiit 

b«twoen't^R  leaddf  the  call  cord  plug  and  terminal  4 
of  repeating^  coii  RC  without  opening  the  circuit,  OC 
contacts  21  arid  22  fximpltte  a  circuit  to  relay 
the  o^raior's  circuit.  NfR  contacts  1  and  2  complete 
the  circuit  to  relay  MR  J. 

M|t^  OHitacts  3  and  4  ojxn  the  o{«rating 
the  0C  relays  in  the  other  cord  circuits.  This  prevents 
thede  relays  of  the  cokI  circuits  from  operatirig  at  the 
^fee  time  if  two  TALK^MON  swu^^^^ 
tb  the  TALK  position.  MR  contacts  6  and  7  prepare  a 
circuitltb  relay  TR  in  the  operator's  circuit. 
•    <?^^OT  arid_MRl  rela^  22  and 

21  disconnect  resistor  Rl  from  across  the  T  and  R 
Ij^di.  MR!  contacts  1  arid  2  remove  ground  from  the 
CT  ]e|ui  to  the  suc^^mg  position^  Th^^  prevents  a 
double  connection  dupng  position  switching. 

LB  sulxcnber  arid  the  operator  talk.  At  this  Jwint^ 
(X)nyersatibn^  take  pla^  between  the  operator  and 
the  calling  party.  Transmission  battery  for  the  calling 
party  is  furnished  by  the  LB  tejcphqrie.  The  operatbr 
svill_ndw  extend  the  ^1  for  the  calling  paoty  to  a  CB 
telephone.  The  CB  Line  jack  has  a  low- resistance 
ground  oil  the  slosve,  fii_niiih<^_by  th^ 
circuit.  The  operator  then  inserts  the  call  cord  into  the 
CB  sufecribePsJirie  jack.  This  completes  a  circuit  to 
relays  FHS,  FLS  of  the  oofd  circuit,  and  relay  SL  of 
the  convertible  line  circuit: 


NOTE:  Look  at  Uble  2  sc«n  in  the  lower  right- 
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hand  cbrhcr  of  fpjdqui  14.  Ybii  sec  that  wiring 
options  B»  C»  D,  X,  and  Y  arc  used  to  convert 
this  to  a  common  baticiy  circuit.  Keep  this  in  mind 
for  tfe  remainder  of  the  discuMjon.  Here: 

a.  FHS  and  FLS  relays  opcAte  and  St  relay 
operate.  SL  contacts  oompletc^a  circuit  to  relay  CO  of 
the  convertible  line  circuit.  FHS  rcla^  pcrfqm^ 
function  at  this  time:  FtS  contacts  8  and  9  complete  a 
circuit  to  ligbLthe  call  cord  supervisory  lamp.  FLS 
contacts 2 and  3  extend jjqund  to  the  of  thjscall 
cord.  FLS  contacts  5  and  6  extend  negative  battery  to 
the  R  lead  of  the  call  cord. 

b.  Relay  CO  in  the  cohvcftiblc  line  cifcuit 
operates:  Contacts  1-2  open  the  circuit  to  relay  LR  in 
the  line  circuit.  Contacts  4-S  complete  a  circuit  to  light 
the  busy  lamp  at  the  switchboard.  Rel|£  FB  does  not 
operate  at  this  time,  because  the  T  and  R  leads  are 
open  at  the  CB  tclcpl^ohc.  The  call  cord  sub^Visbry 
lamp  is  lighted^  and  ]thc  circuit  jprcparw  .for  the 
operator  to  signal  the  called  telephone  by  applying 
ringing  current  to  the  call  cord.  To  apply  ringing 
current  to  the  called  Une»  the  opCTajor  must  dperate 
the  RING  REAR-RilMG  FRONT  switch  to  the  RiNG 
iFRdNT  position.  _ 

c.  R I NG  R E AR - R I N G  FRONT  *  s w itch  is 
operated  to  RING  niONT  posUion,  Ringing  current 
is  applied  to  the  nng  side  of  the  call  cord  to  ring  the 
called  party3  telephone.  The  circuit  for  f ingback  tone 

is  now  complete  to  the  calling  party^   _  _  

_  i  The  operator  restores  RING  REAR-RING 
FRONT  witch  to  hdnnal.  This  operation  removes' 
ringing  current  from  the  line  to  the  caiiing  party. 


CaUed  parry  answers.  This  closes  the  T  and  R|4bdp 
and  causes  FB  relay  in  the  cord  circuit  to  operate. 
Thus:  

a.  FB  rielay  pperaiiK.  Coritac^^  tJ 
circuit  to  the  call  cord  supervisory  lamp:  Conversatiol 
can  now  ^e  place  between  the  calling  and  called 
par^.  The  operator  will  now  disa^hnec^    

b.  The  operator  r«torK  the  TAtK-MON  switch 
to  normal.  Contacts  ID  and  2D  open  the  circuit  to  the 
b-d  winding  of  relay  OC.  Contacts  1_C  and  2C  open 
the  seriis  circuit  to  the  ac  winding  of  relay  OC  and 
relay  MR.  _   

c.  Relays  (XT  and  MR  release.  OC  contact^*  4-3 
prc^e  the  ring-off  recall  circuit  to  the  call  cord.  OC 
contacts  24  and  23  prepare  th^  ring-off  recall  circuit 
to  the  answer  cord.  OC  c5htacts  21  a^^  the 
circuit  to  relay  OT:  The  remaining 'contacts  of  OC 
disconnect  the  position  and  dial  circuit  from  the  cord 
circuit  and  connect  ihc^T  and  R  le^ 

repeating  coil  RC  without  opening  the  loop  circuit. 
MRj^ohtacts  3  and  4  prepare  the  operating  circuits  for 
the  DC  relay  in  the  other  cord  circuits.  MR  contacts  1 
and  2  open  the  circuit  to  relay  MRl.  The  remaining 
contacts^  have  no_  function  at  this  time. 

QT  and  MR  1  relays  release.  QJ  contacts  2 1  *  and 
22  place  resistor  R 1  across  the  T  and  R  leads  of  the^ 


^34, 

bpieratdr's  ppsitidh  circuity  M  .^n^i,  ? 

place  ground  on  the  CT  lead:  Thjp  operator  is  now 
disconnected  frojn  the  cord  circuit  and  the  position 
arid  dial  circuit.  The  position  and  dial  circuit  iji  fn^ 
from  the  cdrd  circuit  ready  to  be  used  by  the  operator 
for  another  call. 
.4- 

Caiiiniy^^ry  (LB)  disconnects  first:  Disconnect  by 
the  LB  telepR^iie  user  do^  hot  affect  the  line  circuit. 
The  subscriber  wiiltferi  operate  the  hand  generator  in 
the  telephone:  This  will  cause  the  RB  relay  in  the  cord 
circuit^to  operate.  Here: 

d'  RB  relay  of^ratiK.  The  firsts  ^^^^^^ 
cycle  is  ne^tive  on  the  tip:  The  ringing  path 
one  half  oithc  ringing  cycle  is  from  the  LB  tel<^*pric 
over  the  T  side  of  the  line,  thrdugh  iwsctjdrf^^ 
rectifier  RF2  to  the  R  side  oHhe  line  and  back  to  the 
tcl<^hohc._  S«:tioji_B  _of  rwtific^         shunts  the 

finding  of  relay  RB  of  this  half  cycle.  

The  other  half  of  the  ringing  cycle  is  negative  on 
_  .  The  other  half  of  the  ringing  cycle  flows  over  the 
operate  circuit  of  relay F^^  This  cirojitjs  from  the  LB 
telephone  over  the  R  sjde  of  the  line,  through  the  ac 
winding  of  relay  RB  section  A  of  rectifier  RF2,  and 
back  to  the  tclcphdric  over  the  T  side  df  the  circuit^^ 
Contacts  2*5  complete  a  circuit  to  the  answer  cord 
supervisory  lamp.  Th^  ODntacts  also  complete  a 
holding  circuit  fdr  relay  RB  through  its  db  w[nding^ 
Relay  RB  is  now  held  operated  until  the  operator 
removes  the  answer  cord. 

b.  The  d^rator  removes  Oic  answer  cord.  The 
circuit  to  relay  RHS  is  opened,  causing  it  to  rdease. 
This  also  opens  the  circuit  to  rel^  SL  iri  the  line 
■circuit.  ___ 

c.  RHS- relay  and  St  relay  in  the  line  circuit 
release.  RHS  contacts  1  and  2  open  the  hdldirig  circuit 
to  relay  RB.  SL  contacts  21  and  22  open  the  circuit  to 
relay  CO:   \  __ 

d.  RB  relay  and  CO  relay  iri  lirie  circiiij:  release,  RB,' 
cdjitacts  2  and  3  extinguish  the  aniswcr  cord 
supervisory  lamp.  Th^ircuiLfor  the  answer  cord  js 

1- coritacts  4\  arid  -S, 
t^|i;witchlx)ardr  The  line 


|t  is  riot 
rrheT 
Thus: 
mplete  a 


now  restored  to  no 
exdnguish  the  bmy  I 
circuit  is  now  rcstb^ 

Called  party  dii^m 
affected  when  the  t<f|^h 
and  R  loop  is  ridv^^dpc^ 

a.  FB  relay  rele^^ses 
circuit  to  the  call  oordj^u^^^ 

b:  The  opcrato?  remov^ 
call  cord  is  removed i  the  cnSpuj 
in  tht  cord  circuft  and  re: 
release,   _    ^  i.- *  ■%   

c  FHS  arid  FLl^elays  religpsai, 
circuit  releases.  RdayJFJ^S  peffb] 
releasing.  FLS*X)ntafctl?8  and  v^o, 
call  cord  supervisory  l^mp.  The^eriia'ir^pg  contai 
FLS  fcstdre  the  caU  t^ord  cifejit  to  .noYriial 
contacts  2\  and  22  of^n  the  ciroiit  to  relay  CO 
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d.-  CO  relay  ia  the  line  circuit  reieasa^  Contacts  4^ 
and  5  extinguish  the  busy  lamp  at  the  switchboard.  The 
iinc  circuit  is  now  r«tor©dl  to  normair  Tliis  completes 
the  description  of  a  complete  call  irom  seizure  to 
release  between  LB  telephone  and  CB  telephones. 


ExcrciMsiJ644): 

roJ!l<^t  1^  ^  necessary  for  each  of  the  folldwihg 
exercises: 

I.  State  what  wiring'optipn  '*G"  In  the  convertibLe 
line  circuit  (FO  14)  accomplishes  when  it  is  used. 


Specify  how  is  the  convertible  line  circuit  (FO  14) 
used^  when  the  operate  (full)  path  of  the  LR  relay 
uses  both  relay  windings. 


3:  (Clarify,  when  the  convertible  line  circuit  (FO  14) 
is  used  as  a  CB  circuiu  what  relay(s)  operate  when 
the  subscriber  goes  off-hook. 

4.  State  what  circuit  action  is  roponsible  for  the 
operation  of  relay  CO  in  the  convertible  lirte 
circuit  (FO  14),  when  it  is  used  as  a  LB  circuit. 


5*3.  Troiiblesliboiihg 

Here  vjg  are  again;  artd  once  agaTn,  this  is  "where 
it's_atI**^'oiir  main  function  is  to  provide — 
SAFELY^i  very  best  telephone  service  that  you 
can. JVhen  everything  Works  fight,  >tnif  on ly  action  is 
to  monitor  land  check  equipment  operation. 
Everything  yoii  have  been  taught  or  will  leam^  in  the 
years  to  come,:  is  for  the  purpose  of  finding  and  fixing 
troubles,  so  that  your  subscribers  have  high  quality, 
uninterrupted  service. 

645.  Given  misceilaneoas,  truak  and  switching 
eqnipaieiit  and  atten^  trouble  symptoms 

and^iqg  foldoot^  iu  12,  13,  and  14*s  schematic 
diagram  as  necessary,  identify  the  prohabie 
of  trpiible  and  the  proper  corr^ive  actions  litliKh 
situation.  > 


Let's  review  the  situatid^;  you  are  or  should 
possession  of  the  systematic  troableshqoting  appn 
that  was  discussed  In  Volume  2  of  this  course.  Yo 
have  used  that  approach  throughout  Volume  3 
to  pinpoint  troubles  in  the  Strowger  and  X Y  telepho 
systems.  . 

In  this  chapter  we  have  presented  the 


operations  to  you  that  must  be  understood  in  order  for 
you  to  adequately  trpubleshoot  the  attendant's  cabinet 
as  weii  as  misceilaneous  trunk  and  switching 
equipment  associated  with  it.  As  you  have  worked 
your  way  through  the  "action"  exercises  related  to  the  ^ 
cabinet  and  equipment  just  referred  to,  you  have 
revealed  the  extent  of  your  understanding  of  these 
operations. 

Now,  at  this  point,  it  seems  advisable  to  test  your 
ability  to  *'put  it  all  together"  a^ih,  this  time  In 
rcjaiipn  lb  a  series  Pf _  P?phJjcm  siiuatidns  through 
which  you  must  troubi«hoot  your  way.  Here,  then,  are 
the  situations.  The  exercis^  related  to  them  appear 
just  rolldwing  the  situations. 

The  situations  are  these:  *  ^ 

•  Something  is  wrong  with  the  contacts  in  the 
b|>eratqr's  and  the  pbsitidh  circuit  (shown  in  FO  12), 
How  do  you  know?  Easy:  The  operator  cannot 
rhohitgr,  asjie  should  be  able  to  do. 

•  The  AB  relay  i  ri  the  co n nectd r  opefates  al  1  right. 
But  the  supervisory  lamp  for  the  call  cord  (shown  in 
FO  12)  stays  lit  after  the  AB  relay  in  the  connector 
9^i^^j^j_^_cfc  cdu  the  problem  be,  and  what  can 
you  do  about  it? 

•  The  operator's  trunlc  circuit  (shown  in  FO  13^  is 
^ized^  yct^e  line  lamp  does  nq^  the 
calling  party  do^  not  hear  the  ringbaclc  tone  at  all. 
Could  there  be  a  problem  with  one  or  another  set  of** 
contacts?  If^^  which?  

•  What  is  the  trouble  which  has-popped  up  in  the 
convertible  line  circuit  (shown  in  FO  14)?  It  occurs 
when  the  CB  siibsci^r's  busy  lanip  extinguishes  when, 
the  operator  inserts  a  plug  into  the  line  jack  of  the 
circuit?  Can  you  find  the  problem,  and  if  so,  hdvt^ 
Would  you  handle  it?   

•An  installer,  checking  equipment  out,  dials  the 
number  for  the  riiigback  circuit  (shown  in  FO  1 1 ),  > 
Then  he  han^  up.  But  when  the  telephone  rings  and  / 
he  answers  and  hangs  up  a  second  time,  the  telephone  ^ 
do^h't  stop  ringing;  it  goes  on  and  oh.  You  are 
assured  that  "W"  wiring  has  been  used.  Sd)  what  on 
earth  can  be  wriing,  and  how  should  you  go  aboiit 
taking  care  of  it?  . 

v_  Okay,  so  now  you  have  five  problem  situations, 
^ch:  of  them  typi(^l  of  the  icihds  you  will  nui  into 
and  apiir  .Cdhsider  them-  carefully.  Np^^  pnly 
wdliyou  ^8^^d^3^»  below,  have  to  rsdlvc  air  five  of  • 
ffi^rrF  |iTi illli  fiy  <i III?  >vay  or  ahotherr^ut  also  the 
■^tn  which  ^tt  go  about  rcsolying  iK^  situatiqns, 
iias  the  solutions  ybu  cpme  lp  will  lik«ly 
-d  irtcjicattbrs  of  how  competently  you  handle 

Ex^X645):  .    .     ;  /^.V 

Use^^Mp^  1 1  1 2,  l'3#r.  I  ^  s8  needed  fcSir  t^jlse  ex- 
"rcis^Sj^^iS..  [  ^  "^Skr-  '  '  -         ''tS    \  ' 
1 :  ^^(*3]^Ri;i^;lhat^the^fhe^  cannor  |[p0itpr. 

«s  ijt  y^t^  is  faulty     the     .  ^ 


1    '  ■ 

operator's  and  the  position  circuit?  So  you  check  be  right:  the  prpblcm  does  lie  in  qiic  particular  set 

it  out?  What  do  you  come  up  with?  of  contacts.  Which ^one  is  at  fault? 


i.  The  AB  feiay  in  the  <X)nncctor  operates  all  right, 
you're  sure.  Yet  the  supervisory  lamp  for  the  call 
cord  remains  lit  ^fl<t  the  AB  relay  i^rv^ 
connector  o(%rat«(.  If  the  most  probable  trouble 
lies  in  the  cord  circuit,  what  can  it  be?  What 
corrective  aaion  should  you  take? 


4.  You  have  been  calied  in  because  the  CB' 
subscriber's  busy  lamp  cxtih^ishw  wh^^  the 
operator  in^rts  ^  plug  into  the  line  jack  of  the 
circuit.  You  khow— or  think  jfpu  know— that  the 
probrcm  exists  in  the  cpnvcrtibjc  line  circuit?  So 
okay,  can  you  find  just  what  the  trouble  is,  and 
then  resolve  it?     •  - 


3.  Normally,  when  the  operator's  trunk  circuit  is 
seized,  the  IJne  lamp  lights  up  Imd  thc  caUing 
h^rs  the  ringback  tone:  Jfut  in  the  jNuticular 
operator's  think  circuit  before  you,  when  if  is 
seized,  the  Hnc  lamp  dd« 
calling  party  dqa  not  hear  the  ringback  tone. 
Does  the  problem  lie  with  one  or  another  set  of 
contacts?  Check^ig  this  out,  you  fmd  your  guess  to 


TpI<^  IP  l>I^l|l]^r,  checking  equipment,  h^ 
dialed  the  number  for  the  ringback  circuit,  then 
hung  up,  yo\x  say,  "So  what?"  Then  you're  told 
th^t  when  the  telephone  nng$  and  |nsw^>^ 
hanjp  up  a  second  time,  the  telephone  doesn't  stop 
ringing.  You  ask  and  are  told  further  that  *'W" 
winhg  has  been  t^w9d._What,  thciii  w  the  trouble? 
How  would  you  go  about  properly  correcting  it? 
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CHAPTER  6 


/ 


j^htral  Offica  Maintenance 


IN  THE  RRST  five  chapters  of  this  volame  you  have 
c<>y|M*d_m  of  the  circuits  that  you  will  encounter 
when  working  in  an  XY  cxchmfc^TT^^^  purpose  of  this 
chapter,  thoi^  is  to  conclude  things  by  looking  quickly 
*i  s^inc  of  the  "odds  and  ends"  of  maintenahce— 
things  that  occur  and  have  to  be  taken  care  of  daily  in 
an  XY  exchange. 


_  Wc^wiU  examine  wiiic  tiesi  equipment  peculiar  to 
this  system,  to  <all  u^cing  pfoc«iurcs,  and  to  shelf 
designation  cards  and  the  GTA  drawing. 

  :  ,  r 

6-1.  PIMIs,  Test  Equipment,  and  troubleshooting 

Our  subject  here  will  be  several  pieces  of  test 
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Figure  6- 1 .  XY  switch  test  jet. 
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e^ipmeht  jo  perform  type  I  and  iyi^s  3  PMIs  iii 
the  XY  exchange  as  well  as  how  they  can  be  used 
during|trpubleshooting.  In  case  you Ve  forgotten  those 
types  of  PMIs  covered  in  Volume  2.  ihey  Sapply  here, 
too. 

necessary  ^nd  given  typicad  equipment  operation, 
identify  IIm  type  of  P[Vfl  and  t^t  equipment  to  be 
used  to  loqdize  each  problem  and  state  the  approach 
that  should  be  used  in  each  situition. 


Portable  Test  S«t  for  XY  Universal  Switch. 

Figure  6-1  identifies  components  seen  on  an  XY'^ 
switch  test  set.  The  test  cell  holds  the  XY  switch  while 
.  it  is  being  tcstwl.  The  2-cqndua  red  and  one 

black)  battery  cord  connects  the  test  set  to  a  battery 
source.  The  wire  banks  provide  a  means  for  strapping 
-  '^'^^^n  chccking  an  XY  switch^  The  36-jx3int  test  pitig 
connccQ  tie  XY  switch  under  test  to  the  test  set:  The  ^ 
switchboard  type  test  jack  enables  the  repairman  to 
1  m^urCpulse  sjjeal  of  the  test  sct^  Of  the  ten  lamps 
pictur^  four  have  red  jewels  and  four  have  white 
jewels.- These  lamps  indicate  the  position  of  contacts 
for  off-normal  release  and  pvcfflow  springs  on  thc  X Y 
switch  being  i»ted.  The  remaining  rwo  lamps  have 
fften  jewels.  They  indicate  the  stepping  speed  of  the 
XY  switch  being  tested.  You  can  see  the  five  3- 
jx>sition  lever  switches  and  the  2-po^ition  QN-OFF 
switch  near  the  edge  of  ttt^/.tlit  set.  Each  switch  has 
been  identified  with  a  'control  terminology  that 
pcunforms  with  the  action  jt  provides.  For  instance,  the 
^cfrhand  witch  contro  XY  switch  circuits  when 
you  are  testing  the  low-palse  ratio  and  the  high-pulse 

ratio,    

Although  this  test  set  is:  useful  only  to  the 
equipment  of  brie  systiinti:  it  also  provide  pulses  for 
tcsung  switch  componj^usf:  The  wipers  of  the  switch 
make  contact  with  the  Wire  Ipwiks  of  the  test  set  when 
you  lock  the  two  units  together.  Ybji,  press  the  XY 
switch  jack  onto  the^;.  ;est  set  plug, /^[^  making 
additional  connections.  In^  effect,  then^^^ou  have 
pqsitibridi  the  switch  MJ^iYbiild  \yc  ipJ^^^^^\pfT^cni, 
since  the  test  set  provides  the  required  potential^  to  the 
switch  terminals.  By  piilling  of  a  lever  switch/toward 
yOtr  or  pressmg  it  away  from  you »^  you  complete 
circuits  of  the  switj^..Jf  they  respond  as  designed, 
orcnaj  actions.  Otherwise  the 
it^cfcct.  For  instance,  Y  off- 
J^normally  touch.  When  you 
_jsWijfh,  shown  ihifigurc  6-1,  id 
^tepFF-NOR^lamp  should 
jij  contacts  are  open.  The 
yf^.do  will  provide  similar 
because  (^|^c'  $:trcaio  being  completed  by . 
switches.  ^ 

iiijl^eac  set  is  uscdnfor^H^  perforniarice  of  a  type  2  C 
as\,weli  as  f^  <i|jcrationaily  checking  the  XY 
j^itdif^ijHB    troubl^hootihg.  _ 

CiriaMl8S||e  Maintenance  Test, Set.  A  lelcphodne.^^; 


jaitifn  i^Hi  indicate 
^|aitlj^      Jhow  a 
nprrnai  springs  I- 
ptjip  the  XY  auto 
X  potiition,  t] 
JjJow^If  U-db«:  noi 
ittibhal  checki 


switching  center  repairman  uses  this  test  set  to  perform 
operational  tests  on  circuit  plates  of  the  XY  telephone 
system.  The  condition  of  the  equipment  is  revealed  by 
lamps,  mieters,  arid  buzzers.  Figure  6-2  ideritifies  test 
set  device  and  their  pc)Siiion  on  the  panel  which 
supports  them.  Again,  you  can  see  a  2-conducior' 
power  cord.  In  additiori  to  the  cord,  there  are  five 
lever  switches,  a  toggle  sv/iich^  three  switchboard  type 
jacks,  a  holder  for  a  2 -ampere  fuse,  three  lamps  (two 
red  arid  brie  green),  a  rbiary  control  resistor  (rheostat), 
a  6-l^O-rarfge  dc  milliammeter^  and  a  dial. 

The  dial  is  the  pulsing  device  for  this  test  unit.  The 
cbrincctibri  of  the  test  set  itj^battery  is  provided  by  the 
battery  supply  cord.  You  mtisi  use  two  test  cords  to 
make  the  additional  conricctions  from  the  test  unit. 
Oh e  test  CO  rd  plug  is  i  n ^rted  i  n  to  t he  M ON  j  ack  b f  pit 
test  set,  while  a  plug  of  another  test  cord  is  ptished  into 
the  CONN  :jadk  of  the  tcsi^sct.  The  plugs  at  the 
bjjpbsUc  end  b?  the  two- cords to  bexonnccted  to 
the  circuit  plate  of  the  equipment  Remember:  The 
vactuai  plug  insertions  will  be  determined  by  the  test  tb 
bcjnadc.  Thc«^ equipment  cbnn«;tibnj  enable  you  to 
complete  pulsing  circuits  with  the  operation  of  the 
lever  switches*  Again,  you  can  sec  the  similarity  in 
S95h^*^yj^8A''  py'^ing  test  sets.  Nearly  all  units  operate 
with  identical  principles.  _  _ 

Pulsing  Limits  Test  Set.  This  test  set  functions 
sinlilarly  to  the  tclcphbhc  l<»t  set.  It  differs  in 
appearance  from  the  previotis  test  set  becatise  it  has  no 
handset.  The  pulsing  limits  test  set  is  strapped  to  the 
hand:  It  consists  of  a  dial,  a  rel^ise  switch,  a  shunt 
switch,  a  cord,  and  a  t(»t  piiigr^onitoring  and  talking 
2i?_c  ribt  possible,  sirice  is  no  receiver  or 

transmitter.  Having  inserted  the  t^t  plug  into  the 
MON  A  jack  qf_the  circuit  plate  at  the  equipment,  you 
rotate  the  dial.  The  piil  si  ri  g  re  I  ay  o  f  the  c  i  r  cui  i  uri  de  r 
test  should  repeat  the  dial  pulses:  J'ressing  the  RLS 
switch  release  the  ctrtuit.  A  depr^sed  shunt  switch 
^^"'l^'^O^or^  J'i^^^^  'h^oJ^c  piilsirig  relaj^  circuij. 
Following  depression  of  the  shunt  switch  and  dialing, 
the  pulsing  relay  should  again  repeat  the  puls^. 

By  compafirig  figure  6-3  wijh  figure  6-4,  ybu  can 
see  the  similarity  in  design  of  the  test  handset  and  the 
pulsing  limits  test  set.  Operating  the  dial  of  this  set 
alternately  bpcns  the  1340  ohms  resistance  circiiit 
between  T  and  R  of  the  plug:  You  would  ope^-ate  the 
shurit  key  to  short  circuit  the  1340-ohm  resistor  whijc 
connecting  10,000  ohms  resistance  between  T  and  R 
of  the  plug.  Note  that  these  circuit  changes  affect  the 
pUlsinjg  relay  iri  the  equipment,  if  you  have  inserted  the 
pluR  jnto  the  equipment  tj^t  jack; 


\ .  XOf^^^^  >s  Stepping 

/i"^^  Indivji&^^^llfi^^ 
\]i'^\M;fyht  piece  of  it^J^l^l^ttfc  would  use. 


.6  2  - 
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b.  Thc  typc  of  PMI  you  wouldperforpi. 


r.  The  reason  you  would  approach  tiie  probicm  in 
this  way. 


2-  Sj^dfy  wlra,  bti^  than  for  PMI  purposes  and 
^for  the' purpose  of  checking  adjustments  that  were 
made,  you  would  use  an  XY  switch  test. 
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^-  ?^*^fy_^h®?_lhc  dfc^^^         maintenance  would 
be  used  in  trouUleshooting: 


4.  State  what  type(s)  of  routine(s)  the  XY  switch  \csx 
set  is/are  used  for. 


5.  Gite  what  type  of  PMi  would  you  perform  if  a 
linefmdcr  is  stepping  erratically,  and  what  piece 
of  test  equipment  you  would  use. 


6-2.  Call  Tracing 

Thr^^hout  this  volume,  the  similarities  of  the 


TRANSMITTER 


.  Utest  plug 


4     3        2  1 

•■1 

Figure  6*3.  Schematic  diagram  of  test  lelcphone  circuit 


Figure  6*4.  Schematic  diagram  of  poising  limits  test  set  circuit. 

Strow||er  system  aivB  the  XY  system  have  been  called 
attention  to  repeatedly.  In  this  section  again  the 
stmilaritiCk,  and  there  are  many,  arc  mentioned  and 
the  differences  compared.  ' 


647.  Using  RgurtB  6-5  tliroi^  6-11  as iequired  and 
giveli  representative  call  tracing  sihiatidns.  Identify 
aii  necessary  actions  and  sources  of  information 
ne^ed  io  determine  the  called  or  calling  niiml^r 
aiutf  ^PPl^^_^^h  typi4»j  slielf  deslgraticm  cards, 
interpret  selected  significant  information  correctly. 

  ^     _  __ 

The  XY  central  office  equipmcni  is  connected  or 
tninked  in  the  same  way  as  is  a^Strowger  office.  Thus 
Ul^rie  is  no  need  to  go  into  the  fact  that  a  linefihder  is 
connected  bacic-to-back  with  thc'finst  selector,  etc. 

GTA.  Onc  difference  we  do  need  j^cl  mention  Wcs 
with  the  ^^ihjg  tcnnihal  asse^^^  It  serves 

the  same  purpose  and  functions  that  the  DTA^o^  in  a 
Strbwgcr  office,  There  arc  outgoing  trunks ^T A  has. 
What^  then,  is  Uic  dijferiencc?  J^^^^  this:  The^TA  u»k 
four  conductors  per  trunk  instead  of  the  three  on  a 
PTA.  SpNecifically,  the  conductors  us<5ti  on  a  DTA  arc 
T,  R,  and  G;  whereas  those  on  a  GTA  arc  T,  R,  S,  and 
S.  As  a  point  of  information,  though,  this  extra 
conductor  does  hot  affect  a  thing  so  far  as  the  purpose 
or  function  of  the  GTA  is  oDiic^fned. 
_  Determining  the  Subscriber's  TelepJione 
Niiiiibeir.  In  this  area,  the  XY  system  is  superb.  Haying 
a  lOO-point  system,  it  is  easy  to  understand.  For 
example,  the  location  of  the  flange  of  the  pinion_gcar^ 
with  respect  io  the  guide  rule,  tellsyou  what  the  TENS 
digit  of  the  number  is:  L  ikewise,  the  digit  on  the  digit 
drum,  just  above  the  guide  rule,  tells  you  the  UNITS 
^JiJl  of  the  number^  The  riiunb^^^  is  normally 

stencilled  on  the  iinefmder  and  connector  shelf  frame 
as  well  as  ph  the  door  of  the  switch  ccjl. 

From  Here  to  Tliere  and  Back.  Now  wis  find  a 
diifference:  the  XY  switches  do  not  have  individual 
switch  tags,  as  exist  in  the  Strowgcr  office.  So  a  shelf  of 
switches,  Imefindcrs,  selectors,  or  connectors  has  a 
shelf  designation  card. 

These  cards  m6uf)t  in  card  holders  or  are  glued  to 
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Figure  6-5.  Blank  sheif  daignatidh  card. 


the  inside  of  the  switch  cell  dc>or  as  indicated  on  the 
method  of  a^mblj^fqr  the  individual  shelves, 

A  blank  shelf  designation  amd  is  shown  in  figure 
6-5.  Infpnhatiph,  peculiar  to  the  installation,  is 
ntcraJ  by  cn^nc^ring^installatidn  personnel  when 
the  system  is  inst^ed  or  modified. 

Linefinder  shelf  desighatioh  card.  E^ch  100 
lincfindcr  sltelf  hi^  6-6  shows  sanipb|r 

entries  for  the  right-hand  part  of  the  card.  Notice  thit 
the  bay  number  shelf  letter  of  wjuipmcnt  is  given  iitttiic 
^P^JoJl'*^  [*i^?^of  SW'  the  nui^tr 
of  the  linefinders  in  the  shelf  iu«_entercd:  Under  each 
finder  riumbcr,  oh  the  lines  IS  SEL  and  IN  BAY,  arc 
found  the  first  seizor  circuit  number  and^he  bay 
number  to  \yhich  the  finder  is  cross-connected. 

In  the  l(^t- hand  portion  of  the  card,  the  printed 
numbers  refer,  to  the  bank  terminals  ^n  the  firidcr 
shelf.  Under  e^h  linefinder  bank  terminal  Jiambcr, 
the  connector  bank  tr-mihal  number  and  shelf  number 
are  found:  In  an  office  without  a  line  IDF,  the  lines  of 


dhe.fihder  group  will  honhally  be  connected  to  the 
?y?*l*J^'s  of  an  a^ciated  ODnnectdr  group  by  straight 
.^strapping  on  the^  auxiliary  terminal  block  of  the 
connector  shelf.  Thus,  line  1 1  is  strapped  to  connector 
terminal  1 1,  line  12  is  strapped  to  connector  terminal 

i2^c.  >:  _  _ 

ThiC  left^SSmi  pbrtidn  of  the  liriefihder  card  may 
Jook^yk&tlt^e  example  shown  in  figure  6-7: ' 
^'^TSelm&^^lf  destination  asrd.  Each  group      iP  or 
^rj^:f5l'K^      has  one  card.  Figure  6-8  sfeo^  saitlple 
V  ^%ritrics  ibt  the  right-hand  pan  of  the  ^d^' 

/the  left-hand  part  of  a  firsl^tcctor  card_will  look 
_yi%t_shbwri  in;  fi^U^e  <^-9.  lindcr  the  b#|^  terrninal 
rtimbets^  you  wilj^  find  the  appropri^ttf  dam  for  the 
succ€«dmg  circuit  locatib^  '  J 

Cohhector  shelf  dt^ignai^!^^  w  connector 
shelf  rwjuires  one^^ud  48di82:  In  th?  right-hand 
portion  of  the  connector  shelf  deaJJptation  card;  the 
connector  circuit  numbers  atTC  entered  in  the  rows 
^narked  *>SW."  Under  each  cohncaor  number,  in  the 
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Figure  6-7.  Sample  lincfinder  shelf  dcsignaiion  card: 
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Figure  6-9.  Sample  first  selector  shelf  designation  card. 


and  5Jf^a4r,  you  will  find  the 
r  frcmi  which_thc  connector  is 
h  and  bay  number  of  the  first 
jgrdup  of  selectors  having  access  to 


rows  marl 
bank  termini^ 
seizi 

switcn  in 
thataerminat. 

The  right-hand  portion  of  the  conn|ctor  card  will 
Ick)k_Iike  figure  6-!P.  • 

The  left-handt  the  conq 

shows  the  finder  bank  terminal  nu! 
shelf  number  for  each  bank  tci 
sbg^  s*"lP'e  entries  of  this  LnformgtiO' 

Traciitf  Calls  Foi^ard.  Tracing  a 
9^i*JP_tbcTorwa^^  directibh  is  a  sim 
involving  only  a  few  definite  steps,  as  foira 

I..  Locate  the  grpup  of  lines  from  which  the  call 
was  originated.     _  _  _  - 

2.  By  exaSining.each^XY.tJitniKsal  switch  in  that 
group,  detem4il^whT2h"'lincfii^er  is  stepped  to  the 


ir  shelf  card 
r_^and\fl^nder 

cediire 


proper  X  and  Y  position'  to  have  seized  the  calling 
line.  CAUTION:  When  checking  a  switch  to  determine 
which  level  in  X  it  has  been  stcpgwiib^  hot  confuse 
the  flange  of  the  pinion  gear  with  the  silver  portion  of 
the  X  carriage  ri^t  next  to  it.  Use  the  flange  (blick  in 
color)  as  a  gviidc^  

3.  Refer  to  the  shelf  designation  card  associated 
with  this  shelf  of  finders.  Oh  the  right  side  of  the  card, 
you  win  find  listed  the  specific  sclcctdf  by  bay,  shelf, 
^  and  number  which  is  associated  with  this  finder. 
^    4.  Locate  the  selector  and  dcicrminc  the  posilidri 

which  the  switch  has  b&tn  stcppwi.  The  shctf 
designation  card  associated  with  this  shelf  of  selectors 
will  show  oh  the  left  side  which  circuit  will  be  seizefi 
from  among  any  of  the  1 00  possible  selector  positions. 
This  circuit  will  be  identified  again  by  circuit  number, 
shelf,  and  bay. 

5   Locate  this  circuit  which  has  been  seized.  If  it  is 
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Figure  6-10,  Sample  connector  sheU  dcsignauon  aird. 
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457 


a  cbhriectbr,  the  cbrineabr  swU^  s^>j*^_oUt 
into  the  wire  bank  to  some  position,  and  r^rence  to 
the  line  r^rd  cards  for  that  cxihnector  group  will 
seized  line  apd^iye  any  additional 
information  desired  If  the  seized  circuit  is  something 
other  than  a  connector,  the  shelf  designatiph  card  will 
tell  where  the  call  has  becn_ routed  to,  and  any  further 
tracing  will  proceed  as  in  previous  steps: 


Trf5^l^  ^  F^P^^  is  call ^  tyx>n 

to  trace  calls  backwards  towards  the  point  of  origin  far 
more  frequently  than  he  is  required  to  trace  them  in  a 
forward  direction.  Tracing  backwards  isjiccdmpji^^ 
again  by  following  defmite  simple  steps:  But  some 
additional  thought  and  precautions  are  necessary. 
Here  they  are:  _____  o 

1.  Lotaie  the  connector -^oup  in  which  the 
answering  line  is  Ibcatod.  v 

2^  Bj'  examining  esch  switch  in  tjiat  group, 
determine  which  connector  has  been  stepped  to  the 
proper  X  and  Y  position  in  the  wire  bank  that  matc;hcs 
the  last  two  digits  of  the  c^^^^ 

3:  Reference  to  the  right  side  of  the  associated  shelf 
designation  card  will  tell  you  from -what  selector  level 
this  connector  may  be  seiz«i,jEmd  the  t^  of  selectors 
involved — 1st,  2d,  etc:  This  information,  plus  the 
number  of  the  connector,  is  all  you  heed  at-Njhis  time. 

Qo  to  thc_^j?<?9^jO^^L^^i  and— one  shelf  at  a 
time— open  tlic  door  covering  the  switches  and  look  at 
the  left  side  ol  the  shelf  designation  card.  Under  the 
ten  sets  of*  terminals  listcsi  which  constitute  the  ten 
steps  in  the  level  from  which  the  connector  was  seizcsd, 
look  to  sec  whether  or  ji>y  the  specific  connector 
number  appeid>^ If  it  docs  not  appear,  this  nieans  that 
it  could  not;  have  beep  seized  from  this  shelf  of 
selectors.  In  tl»t:  case,  you  can  close  the  dcx)r  and  gp 
on  to  another  fh<iilf.  If,  however,  the  number  of  the 


cbhhcctbr^dbes  aj5pe^    hdtc  what  exact  wir^e  b^^ 
position,  and  particularly  ^hich  Y  step  the  selector 
switch  would  have  to  be  stepped  to  in  order  to  seize 
that  c^nnbctqr,  Insj^  this  shelf  or 

split  shelf  to  determine  whether  or  not  any  one  of  them 
has  been  stepped  to  the  proper  position.  If  you  find 
one,  it  is  the  one  us&d  in  thej^lacihg  of  this  call.  If  no 
switch  is  found  in  the  proper  position,  go  on  to  the 
next  shelf.  Again,  refer  to  the  shelf  designation  card 
(l^jt.sidc)  and  re^Ncat  the  jjrcvibus  steps^  Toti  will 
sometimes  notice  that  the  position  to  which  a  selector 
must  step  to  seize  a  given  circuit  will  vary  from  shelf- 
to-shclf.  This  is  due  to  the  methods  of  cdhriectibn.  or 
multiplying  wire  banks,  that  were  discussed  earlier: 
For  this  reason  yoii  mi^i  always  refer  to  the  card 
associated  with  the  scjcctor  shelf  in  which  you  are 
looking,  in  one  of  the  shelves,  you  wilLfind  the 
selector  that  you  are  seeking.  ^ 

5^  Refer  to  the  ri|^t  side  of  the^lcctdr  shelf  card. 
There  yau^ill  fmd  the  specific  circuit — i4entified  by 
number  and  location— which  seiz^  this  seURnbr;  that 
is,  if  the  preaedin^  cjrcujt  is  a  linefiridcn^  In  this  ca»s, 
locate  the  specific  linefmder  and  determine  what  line 
it  has  hunted  to  complete  the  tracing  of  the  call.  The 
line  feoDrd  c^ds  again  may  be  used  to  determine  who 
is  on  the  line,  etc:_ 

—      .    T   --       -  - 

6:  If  the  call  went  through  the  1st  and  2d  selectors, 
however,  it  will  be  necessary  for  you  to  locate  the  Ist 
selector  tiscij^  before  ^bu  can  locate  the  linefinder. 
Therefore,  after  locating  the  2d  selector  as  you  d[d  in 
step  4,  it  will  be  nec«sary  for  you  to  once  again  refer 

the  shelf  dcsi^ation  caj-d^b  side  and 

determine  from  which  1st  seieaor  level  this  specific  2d 
selector  was*  seized.  Then  repeat  step  4  exactly,  tintil 
yoii  have  located  the  1  st  selcaor  used  on  the  call.  Once 
you  have  located  this,  you  would  proceed,  as  in  step  5, 
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I'lgurt-     1^1   Sample  connector  sholl  dcstgnanon  card 


Co  idehtify  the  linefihder  used  and  the  originating  line 
which  it  stcp5>ed  to. 

Tracing  calts  is  best  practiced  by  setting  up  caill^n 
the  office  and  tracing  first  forwards,  then  backwajWs; 
^  that  you  wili  be  ready  when  an  actual  call  musl  be 
traced:  \ 


Exercises  (647): 

1 .  Give  the  major  difference  between  a  DTA  and  a 
GTA. 


4.  Name  the  next  switch  in  line;  when  you  find  the 
cal ling Jparty>  hum  linefinder  switch  12.  Use 
figure  6-6  as  necessary. 


5.  You  are  tracing  a  call  backward  from  the  connec- 
tor switch.  You  are  at  elector  jf^itch  3  ^  antf  it  is 
stepped  X-2  and  Y-9.  Using  figures  6-8  ind  6-9  as 
necessary  where  do  you  go  next? 


2.  State  what  the  left-hahd  side  of  a  shelf  designation 
card  for  a  selector  shelf  represents. 


/ 


3.  Specify  what  information  is  contained  in  the  left- 
hand  side  of  a  shelf  designation  card  for  a  selector 
shelf. 


6.  What  is  the  next  sw1u:h  in  the  switch  train,  when 
tracing  a  call  forward  in  the  above  problem? 


.  You  have  been  asked  the  next  switch  in  the  switch 
Irain,  when  the  called  party's  number  is  fbiirid  in 
connector  switch  8  of  bay  LC-1,  shelf  D.  Using 
figures  6-10  and  6-1 1  as  nec^sary,  what  do  you 

do? 
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Answers  for  Exercises 


CHAPTER  1 


600  -  1.  280.         /  '** 

600  *  2.  3000  iinc^roiitt 

600  >  3.  Tip;  liiig;  and  SN. 

601  -  1.  PA,  YS,  XS._YP;  GD.  SA.  FB.  PU.yAS.  and  TF  are 
1     1  relays  in  the  XYiallotter  ctrcoit: 

601  -  2.  Allotia  A^nnsfm  its  funaibiii  tb/allotto^'B: 

601  •  3.  X.  Y.  and  X  (relcise)  magneu. 

601-  4.  Tip.  ring,  sleeve,  HS,  X,  and  T 

602  -  1.     Relay jST  in  allotter  B  wilj  operate. 

602-  2      OoMd  _ 

602  -  3.    I  The  lin^nder  autbiiiatially  icar^io  for  marked 
tarhinaU.    , 

602  -  4.     T^^^P^I  ?     tiw  X  bfl^^  for  the  7 1  -70  circuit  plate  in 

the  6bO-iinefinder  group  bay  is  grounded. 

603  •  1 .      Relayi  LR  and  CO  on  circuit  plate  S  for  the  first  My 

opmte  whoi  the  telq>hone  haiidaet  at  nation  48  is 

603  .  2.     Rehiy  CO 

603  -  3.      Giound  from  the  sleeve  (S)  lead  keeps  the  CO  relay 

operated. 

604  .  1.      The  ailed  iubio'iber's  npladnhent  of  the  handset 

opens  oonnectbr  relay  circuits.  Th^.  jn  turn, 
t^ifpi^niL^  Ppund the  SN  lead  which  restores  the 
line  drcuiijCO  relay.. 

604  •  2.      You  connea  ground  to  the  line  circuit* linefinder  bank 

HS  lead  to  rtttrict  Service  for  the  associated  telqphone. 

605  -  1 .     Terminal  8  at  the  busy  switch. 
605  -  2.     These  are  as  follows: 

a.  SA 

b.  GX) 

c.  ST 
YD 

605  -  3.      Cohtactt  9  am}  10  of  relay JSA  and  29  and  20  of  relay 
i^n^inihhli.  iL*fnd  16_  of  circuit  plate  C  jack  and 
plug,  ppi|tjscts  .27  and  28  of  rHay  TF,  leads  ST-B  and 
A^,  terminals  20  and  24  oLshelf  plug  A,  and  circuit 
i>  pluB  jidu  and  oonlacts  1  sihd  2  of  line^rcuit  relay  CO. 

605  -  4.      \Mt  cifcuit  reUy  LR  and  allotter  relay  CD. 
605  -  5.      Allotter  relay  CD  (operated)  and  allotter  relay  XS 
(released). 

605  -  6.     Relay  PA. 

606  -  1 :      Contacts  9  and  10  ind  6  and  T  of  relay  ST.  6  and  7  of 

Y  ofT-hbrmai  q>rihgt.  26  and  27  of  relay  YD.  2  and  3 
of  relay  PA.  7  and  8  of  relay  GD  and  11  and  1 2  of 
reiayjSA. 

606  -  2.     The  ground  potential  for  operating  the  allotter  XS 


606  -  3; 


607 
607 
607 


608  -  ]. 

608  -  2. 

608  -  3. 

609  .  1. 


609  -  2: 


610  -  1. 
610  -  2. 


611  -  K 


611 


611-3. 


612  -  1 


r'^Xi*J»nn_ectcd  to  Uic  X->^  terminal  by  the 
operated  line  relay  in  line  circuit  7  for  the  specific 

group.  __   .  _   

Relays  SA.  GD.  PA,  ind  XS. 

TIk  iii«||pnct  intcrriipi^  springs. 

Rcla^j3b_and  YD.  _     _  __ : 

Contaos  26  and  27  of  Busy  and  Reset  jwitch  and  9 

and  10  j)f  rdiy  YS  and  totainal  9  of  C  ciroiit  plate 

jack  and  plug. 

Ternunais  1.  25  and  29  of  A  circuit  plate  Jack  and 
il»yf  piug^  oontass  3  and  4  of  rday  ST,  3 1  and  32  of 
relay  SW,  and  ooniacu  3  and  4  of  the  X  and  Y  mainet 
ofT-iiofmal  qmngs:     -  _    v  y 

A  linc^hda-  relive  failure  lights  a  ItliiS .  laihp  to 

iiidicate  the  fNY>blan.    ' 

P^rint  x>  X  Y  iindinder  rdnse,  ejecthai  drcuiu'are 
Opened  which  operate  mechanical  devices.  The 
mechanical  devioea,  in  torn,  open  etectrial  circuits: 

When  alt  Un^nders  in  an  XY  tetephdne  switching 
caller  p^up  are  bipy.  cbntaas  6  and  5  of  relay  FB  in 
ach  allotter  cbmpl^  ^.^'P^^'^  ^''^J'_^^_^  ^ 
j^^_oLthe  common  supervisory  circuit.  As  a  resuit,_an 
interrupter  circuit  provi<jes  <j|*ible  an_d  visi ble  alarms- 
These  alarms  are  in  operati<jE4ipproxintately  2  minutes 

sfto-  the  FB  relays  are  relwed:   

A  lO-ifnpulsc^per-mihute  signal  dpimtes  ah  ATB 
meter  to  register  the  linefinder  busy  condition 
fojiowing  the  circuit  connection  at  contaa  22'bf  relay 
FB 

Relays;  PU,^  AS,  and  TF:  _ 

The  lih^hder  AST  Inds  are  transferred  to  the  seoohd 

allbtter's  terminals. 

>yhfai_  trouble,  develops,  in.  an  aliotier..  relay  TF 
transfers  the  AST  leads  to  the  second  allotter. 
A-trantferiamp  is  lighted  while  one  alldtto-  is  serving 
all  liheflhders. 

Contacts  23  and  24  of  relay  AS  complete  the  operating 
circuit  for  the  allqtter  transfer  lamp. 

Since  there  is  only  one  report  of  this  trouble,  it  jppoirs 
that  the  fault  miuat  be  in  4he  line  drdiit.  which  serves 
only  the  one  telq^ne.  For  the  telej^ne  to  receive 
dial  tbne^  'ffP.™  ^  XvY^systOT  equi^em,  line 
circuit  LR  relay  muiLPperate  to,^_in  turn,  operate  the 
CO  relay.  The  operated  CO :  relay  then  oonnecu 
poteniials  to  the  S  and  AST  leads  of  the  linefinder.  so 
that  this  equipmm^  oin  extend  the  line  to  the  seleobr 
Tor  reoeptibh  of  dial  jbne^  Accordingly,  the  trouble 
'could  be  either  a  defective  LR  or  CO^lay  or  the 
oonucu  for  either  relay.  You  correct  the  trouble  by 


69 


612 


613  -  1. 

613  .  3. 

I 

613  -4. 


614 
614 


614  .  3. 


614  -  4 


615  -  1 


615  .  2. 


615  -  3. 


616  •  1. 


616  .  2. 


616  .  3: 


617  .  1. 


617  .  2. 


617  -  3. 


618  -  1. 


618  -  2. 


checking  the  rcUyi  for  continuity  or  by  cleaning  and 
adjiMGng  their  oDnncts. 

Relay  SW  in  a  lin^nder  drcuit  plate  and  relay  YS  in 
ah  allotto'  circuit  plate  are^(X)»ible  troubles  whoi  this 
^^i>ic  symptomjs^r^  dcfccLive  T. 

R.  S,_or_HS  wipCTi  w_ujd_ provide  ihis^gmipio  Of 
ooope,  this  trouble  symptom  should  normaliy  be  on 
theT^rt  of  a  ten  man,  beaiaeihe  sobicnber  should 
be  iefWi  by  the  aaonifflH  litu^hclere  in  the  i^up. 
C>ie  method  Jbr  obrre^  trouble  is  for  you  to 

Opo^tc  the  test  switch  ofjhc  ajjottCT  aiwtj)j«^  and 
obaerve  the  $teppi.ng:  action  of  .  the  a»pciaied  XY 
swf  tcho^xo  iiotstc  the  faulty  linefinder  of  the  linefinder 
group.  Thai,  inspect  those  devices  oonsidord  probable 
faults  and  maintain  them  as  indicated  in  the  system 
trouble  chart. 


CHAPTER  2 

--O^  -  

Seleaoj»__arc  connected  in  multiple.,  

The  subacriber  mutt  dial  a  digit  following  reception  of 
dial  tone:         _  _ 

Time  is  required  for  a  selector  to  sti^  the  equipnidit 

and^  make  the  mcchaijial  con 

Selectors  may  be  referred  to  as  incomings,  second, 

third,  reverting  call,  special,  intercept,  digit  canceling. 

«c. 


Ground: 

The  Mlectbr  steps  in  the  X  direction  in  response  to  dial 

pulses.    ^ 

The  negative  potential  on  the  S  lead  comes  from  the 
UA  rel&y  battery  conneaion.       .  .  \^ 

Relay  SW  doei  not  oporlle  until  after  Y-  directions 
tte^)|Mhg  it^mpicted.  becatoe  it  is  shunted  by  ground 
on  ti^  S  le^  or  because  the  XY  overflow  springs  open, 
ia  operating  circuit 


A  dided.  digit  is  required  to  move  the  switch  in  the  X 
direiaion;  wherea  the  swiidi  movef  in  the  Y  direction 
autbihatioilly. 

Relays  CB.  R0.  and  XD  operate  during  seiztire  of  the 
XY«ej«aor.  _ 

Contacta.  23_an_d_  25  of  relay  XD  connect  dial  tone  to 
the  calling  telephone  line. 


Relay  CB  and  the  X  (hagh<^  opmte  alternately  to  step 
the  XY  switch  in  the  X  direction. 
By  obMTving  the  selector  cnwt  j^pN  jamj>.  yq  can 
detemine  whether  or  not  the  seiector  is  steppins-_  ^ 
Nc^tlve  .potential  for  the  X  magnet  is  provided  by 
toinihil  7  it  the  ciraut  plate  plug: 


619  .  1. 
619  -  2. 


619  •  3. 


620  •  1. 

620  -  2. 

621  -  1. 
621-2. 
621  -  3. 


622  -  1. 


622  -  2, 


623  -  1. 
623  -  2. 


624  -  1. 
624  .  2. 

624  -  3. 

625  .  1. 

625  .  2. 
625  -  3. 


Ground  jpotm^^^  continues  the 

XY  swiidL?^PP>ni  thc  Y_d^     

An  idle  connector  is.  indicated  when  the  S  wiper 
enoounten.  an  abMnce-of-groond  on  an  S  bank 
a^nti^  The  selector  will  switch  through  to  this 
oohhector  following  this  cbhh^on. 

Relay  HA  and  the  Y  ma^ex  operate  alternately  to  sto(L^__^<^  *  ^^ 
the  XY  switch  in  the  Y  direction.  ^-«6  -  4. 


626-1. 
626  -  2. 


The  XY  switch  overflow  springs  make  to  complete  a 
bitty  tone  circuil  to  the  calling  suhamber.  Then, 
followihg  telephone  bahdset  replaconent.  relays  CB 
and^  Rp  release,  and  the  Z  miaghet  operates  and 
releaA 

Relay  SW  contacts  23  and  Z4.  26  and  27.  relay  XD 
contactt  23  and  24  and  corttacu  7  and  8  of  the  XY 
overflow  spring  complete/  the  selector  busy  tone 
circuit. 


627-1. 
627  -  2. 

627  :  3. 
627  ■  4. 


Relay  SW  operates  and  relays  CB  and  RD  release. 
Conucts  l  and  2  of  Z  ma^ct^  of  Y  magnet.  4 

and-5  of  XY  overflaw,  5  ^nd  6  of  Y  off-normaL  5  and 
6  of  X^ff-hormal,  5  and  6  of  relay  HA.  21  and  22  of 

relay  XD  arid  5  arid    of  relay  RD.   

Conucts  27  and  28  and  29  arid  30  of  relay  SW  iii 
ILnefindcr  and  24  an^d  P/  rciay  SW  in 

the  selector  extend  the  subscriber  line  to  the  connector. 
-    ---        _         /_  -        -    -  :  ... 

The  XY  bbrihectdr  removes  ground  from  (he  S  lead  to 
the  preoBdirig  eqmpmoit  to  restore  it  to  normal 
in  the  scLoctor  relay  SW.  m  switch 
release  following  completion  of  the  call. 

Level  i^iriction  wiring  controls  subscriber  access  to 

XY  telcf^rie  systori  equipmoit. 

Th?.  JROni.'ori^  when 

checking  _XY_$ystOTtelg>tw^r^^   

Scries  con nected  resisto rs  and  capfunto rs  >vhich  byras 
high  voltage  potentials  to  ground  reduce  arcing  It 
telerphbhe  droiit  contacts.  ^ 

Si ncc_thc  MON  lamp  is  riqi^  to  be  lighted  when  the 
selector  is  _  id ic,  we  _  can  amune  that  it  never  has 
Kleased.  Hence,  you  should  look  at^ie  pontaas  at  the 
Z  magnet  to  see  whether  or  not  conuct  4  is  released 
from  coririection  with  a>ritaa  5  arid  whether  or  not 
^ntacts  i  and  2  are  made.  We  are  asnirilirig  that  the 
Prob|aiLL»_mcchanical  failure  of  these  contacu  at  the 

release  magnet.. .  . :  :  

Since  ihe  dial  tone  cir<^  Includes  made  oontacts  of 
relay  XD,  weJcnow  iharrelayi  CB,  RD.  and  XD  are 
furictidriirig.  The  probable  trdubla  are  (he  selector 
^       ^'^^^^P^  wipers  for 

this  selector,  yisuaily  inspet^md  clean  the  conucts  for 
these  units  in  ia. effort  to  correct  the  trouble. 


CHAPTER  3 

tnink  hunting  and  PX  conbe^rs  are  two  XY  system 
connectors,    7 

Conneaors  provide  battery  (dc)  potential  to  the 
subi^fibef  telephones. 

Rclaji  CB.  RT,  and  X  - 
Ground.  Operated  contacts  1  and  2  of  relay  CB  and  3 
and  4  of  relay  SW. 
Relay  CB. 

Dialing  a  digit  at  the  calling  subscnber's  telephone 
^qps  the  XY  system  connector  in  the  X  direction. 
Relay  RT.  

It  disconnects  dial  tone  (for  1  OO-line  systern)  and  stops 
ringing  current  from  operating  the  called- telephone 
bell: 

Digit  4.  ^ 
Cqniactt  1^  ani  2  of  rda^  XD,  23  and  24  of  relay  RD. 
3  and  4  of  relay  CB  and  3  and  4  of  magnet  Z. 
Four  times.  _  . 

Relay -BT  operatoi  if  the  called  station  is  busy;  whereas 
relay  SW  dperatei  if  the  called  statidh  is  idle. 

Terminai_4  of  circuit  plate  plug  and  jack  and  contacts 
3  and  5  of  relay  XD 

Contacu  3.  and  4  of  j-elay  XD.  6  and  7  of  relay  BT  and 
L and  2  of  relay  RD:         _  _  _  _ 

Coritacts  1  arid  2  of  relay  BT.  23  and  24  of  relay  XD 
and  1  1  and  i  2  of  relay  SW.  \. 
Relay  CB  releases.  RD  relcssa.  BT  releases  and  the  Z 
magnet  releases. 
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628^1.      Relay  Xp. 

628  -  2. ,    He  rei»va  nn^^    tone  fn>!n      connector  while  the 

called  telephone  is  bdnf  lifnaled. 
^8  •  3.     Relay  RT 
^28  .  4.      Rctiy  AR  

628-  5.      ReUys  AB,  CB,  RD.  RT^|uid  SW: 

628  :  6.      Rdiy  CB 

629  -  1.     When  the  cailing  $tauon  _di«cpnneas  first*.  XY 

QDJinecior  jidays  CB  and  Kp  release,  and, relays  AB. 
RT,  md  SW  ratiaih  opmtoi3  iintil  the  called  station 
diiobhheas. 

629-  2.  *^__caJied^  ^i*"5nnects  First.  XY 

connMor  rday  AB  rei  rdays  CS,  RD.  RT. 

I  and  SW  remain  operated  until  the  calling  sution 

-daooimecis: 

630  -  1 .     WlKh  the  nibscribcr  rqmrts  that  the  aUled  telej^he 

do€m*i_nng  and  J«>u  relaw  it  direcilx  tp__a  Jrbubie  in 
the  oonneaor.  the  cpinj>onenu_  to  _ooii«_dCT  are  jhc 
generator's  connection  to  the  connector^  relay  RT  and 
oanoc&JL  and  4  an<jL6  and  7  of-telay  RT,  7  and  8  and 
23  and  24  of  reliy  SW  iiid  the  T  and  R  wip^  for  the 
cbhhector^  Of  oburae,  iciditional  relays  mim  oper|te 
contact^  io  that  relay  SW  qui  opoatc.  For  euinj^, 
relay  RD  must  ojxrate  opntaos.  1  and  2,  and  rdayjSB 
must  operate  4  and  5,  ao  that  relay  RD  may  operate. 
Hoice.  you  mittt  tnt  therelays-of  the  inspect  oonriector 
and  nadjUfi  them  as  indiaited. 
630  •  2,  "The. symptom  of  cohneotor  fails  to  trip,  ringing  is 
noted  .while  rputinely^  tetting  the  lynan.  You  know 
that  the  RT  relay's  _  function  ii  _  to  itop  the  .ringing 
following  the  called  telephone  user  lifting  the  handset, 
toolcing  at  FQ6.  you  aui  iee  that  oohtaa  6-mttft  brok 
from  contact  7  wheii  the  relay  ofkrato.  If  it  dbcam't. 
nl>$i"8_fttrTCTt  qontin  to  be  heard.  Y^.^ the  ir6ub[c 
oould_aiK)  S  that  relay  y*__du^Sop«ic^^^i 
contacts  6  and  7.  A^in,  we  recpgJIKe.  tha_t_additiona_l 
relays  in  ihU  eonneaor  must  opeiraie  foT  this  relay  to 
bpoate.  To  illimrate.  oohtacSs-7  and^fi-of^relay  AB  arid 
5  and  6  of  the  Y  magnet  d[>mplac  the  RT  relay  d  rciiit. 
My  l^sPectinS'  testing,  cjeahihg  and  adjusting  specific 
teiay  and  swi  tdi  pomponen  ts,  3k>u  P ^orcomc  the 
trouble  symptoms  caused  by  connector  faults. 


CHAPTER  4 


631 

.  1. 

The  emergency  and  the  nonemergency  alarms. 

631 

-  2. 

These  are  the; 

a.  Audible. 

h.  Visual. 

631 

.  3. 

P#wer  panel. 

631 

.  4. 

Clear,  

631 

-  5. 

Power  panel. 

631 

-  6. 

a.  0  time. 

6.  0  time 

c   3-9  ieoonds: 

d:  Q^imc. 

e  ^^Ininuta. 

631  -  7.  For  alarm  indications  from  the  XY  dial  twitching 
equipment.-  powerboard.  relay  racks,  ittendants* 
swit^bbard  and  the  maiii  diuributihg  frame: 

631  -8.      Common  supervisory  equipment  is  located  in  the 

powerboard. 

632  •  I .      Supervisory  lamps,   interrupter,  ringing  and  tone 

equipment. 

633  -  1 .      A  fuse  that  furnishes  current  to  more  than  one  circuit  is 

daasified  as  a  common  fuse,  and  a  fuse  that  furnishes 
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oinent  to  an  individual  drouit.  ism  indi.v^^^^ 
633  -  2      Tile  ri>w  mperviiory  liiatips  wiil  indicate  either  the  right 

or  I^t  »dc  of  the  row: 
633  -  3.      The  lbw-v61tagc  relay  mbhitori  the  exchange  battdry 

voltage.  I^tbe  battery  "^^^  45  .5  volts. 

an  alarm  is  activated  to  indicate  this  condition. 

,  633  .  4.  The  purpoie  ofthc  relMc  alarm  is  to  indicate  to  the 
\  maihteh4|p«  man  that,  a  sSvitch  has  failed  to  . 

medianialiy  rcl(^  

633  -  5.     a.  Noncroergency^lamp extauion  alarm. 

b.  Fuic  alarm  ^in&Sn  supervisory  lamp. 

c:  EiK  alarm  poop  sitpervitory  lamp. 

d.  Fuse  alaiiii  ittw  n^)CTviior^ 

e.  FuK  alarm  shelf  n^ierviabry  laihp. 
633  -  6.     a.  Emerfoic^  !wnpL«K^l^iI 

b.  Fuae  alarm  opmnK>nJ§lpcryap^^^^ 

c  Fuae  alarm  group  ttperviaory  iamp. 

S  EiSc  alarm  row  iDperviiory  laoip: 

e  FiSe  alarm  shell  S^Viiory  lamp: 
633  -'7.  ThebpmtbrWinjjeprmibeaudi^^^ 

and  npUfy  tlw  n^onttb^^ 
633  •  8.     The  only  relay  under  control  of  the  aiannjcut-off  key  is 

633  -  9.  Thtfe  wiU'  be  rib  atanns:  If  the  bid  f^^tdi  U  in  a 
lihcnhd<A  sbelf.  the  allbttj^  will  at^pRi^Uy  Rep 
aax:«s  it-jM^ 

'       jubfcriber  will  hai^  up  and  aooen  a  new  twitch 
Jnun.  This  bad  switch  will  be  identified  on  a 

_  iipnaituenanoe  toutine  tst. 
633  -  id^The  LV  relay  will; 

a.  46.5  volts- 

b.  45.5  volts,    / 

633  '  \  \.  Durinit  a_  low^voitage  condition  relays  Ly.  VA.  and 
VBwiUpuli«  _  \. 

653  •  12.  The  failure  oK  hat  ooll  will  produce  an  wiergency 
alajrm.  Mbwew.  it  is  a  nbiianerfaicy  bbfidi^ibh: 

633  -  13.  The^failive  bf  ah  individual  fuse  will  prbdiics  a 
nonerheijmcy  alaim 

633  -  14.    it  jsjipsijble  to  hayc^^i^^ 

supervisory  equipment  involved  in  an  emergency 
alarm: 

634  •  1 .     The  alarm  cb^c^  ^  Ibdcing  key.  tias  beoi 

9P«»tcd  to  silence  the  alarm,  and  was  hot  reitbred. 
this  t_rpub[e_0Q|il(i  bej>reymted  by  ming  the  ala^  oit 
off  key  instead  of  the  alamv  check  key  to  silence  the 
huryfr:      •  _    _  _ 

634  -  2.      The  alarm '  dieck  key  has  a  pair  of  open  odhtaos. 

contacts  3  and  4  of  the  CO  relay  are  open,  br  Myt 
bu^er  is  offen.  Clean  the  contacts  or  replace  the 
buzzCT,  :  _    __       _  __   

634  •  3.     Obviously  the  office  battery  voiuge  is  normal. 

Thoefore.  the  low^votiige  alarm  ii  malfunaioning.  A 
pbnible  ^iiie  obiild  be  that  the  oilibrite  key  wis  l^t 
oporated,  and  rcsistbr  Rl  is  iet  below  tlK  bpeTatihg 
level  9_f_reUiy  LV.  Relay  LV  could  also  have  an 
open,  winding.  ilday  VA  or  contacts  3  and  4  o_f_VB 
could  also  be  open.Jfesistors  Rl.  R2  or  PI  oould 
beoome^opoi  and  ^M|he  false  alarm:  Clean  conucts. 
check  obmpbrioit  parts  arid  rq^laoe  fiulty  brie: 

634  -4.  With  DA  relay  in  the  rarnriioh  supcrvitbry  circuit 
Pperated.jhc  DBrelay  is  waiting  on  a  PU  pulse,  whidh 
arrives  every  J _  seconds.  Relay  DB_is_  fpljpwing  ihcsc 
pulses.  Conucu  3  and  ^  of  DA  or  conucu  1  and  2_<]»f  * 
DB  are  dirty,  and  break  the  hold  circoiL  for  DB. 
Ther^bre.  DC  never  opakiti  to  the  ECP  Pulse,  thus  * 
preventing  the  ground  frbin  bperatirig  the  buzzer. 
O^njhf^oontias.   

634  -  5.y:  ''  j5|fc  battery _t  fus?_to  the  ajarrn  k»r 

'  '  ^  ana  the  EF  relay  and  to  ground. at  the  fuse  at  pundiing 
49:  The  EF  relay  plices  ground  to  the  fuse  lamp,  and 
the  alarm  battery  is  supplied  from  the  discharge  circuit 
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634  .  6. 


634  -  7: 


635  .  L 


635  .  2. 


635  -  3. 


636  .  I. 
636  .  2. 

636  -  1 
636  .  4. 

636  .  5 
636  -  6. 
636  .  7. 


636  .  8. 
636  -  9. 

636  .  10, 

637  :  I. 
637  -  2. 


on  the  buzzer.  JR^ace  the  broken  fuse.  

Relay  SA  operates  from  the  emerg^cy  start  bail 
inUiated  froin  the  allotter  circuit:  SA  completes  a 
droiit  fpr  SB  n>  operate  id  the  TPl  pulse  and  laciu^up 
under  control  of  SA.  SC  should  operate  when  the  TP2 
pulM  amvoL  Tha^ore,  the  TP2  jead  or  contacts  I 
and  2  of  SB  m  open,  pieck  for  the  arnyai  of  TP2 
puis,  and  if  it  ta  tent,  then  deui  the  cohiaco. 
If  the  ihterrupco'  nirt  icey  li  In  thie  off  poiilioni-ihe 
probable  cauie  would  be  omticts  3  and  4,'bf  ST  STl 

^Jp!  r«**y  PA  ?**9^*9d-_a»ck  t^w  starts 
for.proper  opntiqn.  dom  c^^       3  and  4  of  the  ST 
relays,  and  tett  the  winding  of  DA;  if  it  is  shorted, 
reptlce  it. 

The  purpose  of  the  d isciuirge  an^  distributijoh  ctrcuit  Is 
to  supply  riuin  barteiy  ypjlJ^e_IJ___t^  exchange 
equ.ipfnent.  Its  fiinctipns  include^  hidrcating  exchange 
voltage,  current  charge  or  discharge,  .providing  direa 
ground  to  equipitioii  chit  is  protected,  and  iridlatihg 
ovorload  or  short  c»hdiu^  ' 
TI^  puippie  o^t^ jingin^^ ^n.^pj  circuit  \i  tt^^^y^V 
fujed  ringing  <Wtmt__tp  the  cxc^ 
fonctsons  include  operating  the  subcyde.  providi 
autbmiuc  triifsfa'.  aiid  furniahing  audible  and  visuil 
alanns.  

The^purpose^of  the  interrupter  circuit  is  to 
ringing  ourrmt  and  provide  ijnijng  ground 
the  equipment.  Ity  funaions  include  startij 
intcrnipcer  when  It  is  needed  and  supplying  interrupted 
nh|ih|  and  grbtlhd  putiei: 

The  ammeter  wit!  Indicate  either.  The  needle 
deflection  from  O  wijl  sh0w  either  charge  or  diacharge. 

whichever  is  taking  place.   -   

Powo*  for  the  ilantu  is  fed  through  resistors  R3  and 
R4  to  the  aammdh  ftpervisor^  arcuit  bypislng  the 
n?*in_ci"[awL  I**!**  ^  alarm  ciroiits  arc 

>MB|ui^_po>»'WLfor  pperatio        /  ^  

With  the  calibrate  key  operated,  the  meter  wi]l  rawi  the 
voltage  being  sent  out  on  the  -  CAL  lead  to  the 
cbmmdh  wpovisory  circuit' 

The  red  cirdiit  breaker  l^p  bd  the  diachaffe  and 
dlkribtitlbn  arcult  will  be  one  indication  that  the 
opmmon  supervisory  circuit  will  have  lamps  and 

*%uzzcT  alsp._   ^   

The  rheosat  will  adjust  the  desired  voltage  range  to  test 
low  vbltageJilarin:  _ 

Rl  and  RFl  prevent  Gl  frbni  chattmng  bh  the 

current.   .  _ 

With  bpih  niachinca  out  of  service.  G  t  and  02  will  be 
released  -^d  TR  wiil  be  ojxraied^  TT|e  G 
lamp  witi  on.  along  with  the_G£N  FAIL  lamp.  Also 
G2  placat  ground  bh  the  EM  lead  of  the  common 
>supervii6ry  circuit,  caiiiing  ah  ohogchcy  alarm, 
tlw  purp(^  Is  ihia^f  the  ac  wpply  is  lost  br  the 
lubcycic  br»ks  down,  a  backup  machine  is  needed  to 
provide  ringing  current.  _  : 

The  RM  machine  maybe  transferred  back  to  the 
nibcyclc  in  tv^  different  ways:  By  operating  the  RMST 
and  GEN  TRNS  Iceyi  ib  normal  br.  if  the  iraniffcr  was 
automatic^  by  repairing  or  reatarting  the  nibcyclc. 
The  voltage  output  of  the  subcyde  is  90  volu  at  20 
cycle. 


The  alarifh  circuit  is  fuhctibnihg  riormiii.  excepi  for  (he 
cirojit  breaker  Replacing  the  open  lamp  should 

clear  the  trouble.  __ 

if  the  voltage  on  the  -  CAL  lead  cannot  be  applied  by 
the  calibrate  key.  the  cause  could  be  open  R I ,  R2  <)r 
obntacti  bf  the  CAL  key.  Replace  the  resistors  or  clean 
the  contaas  of  the  key. 


637  .  3.  TO$_Ls 
have  a 
majfuncUorti 

637  -  4,      The  Gl  gr  gSSjfcLMtf^'^^cr  if  i 
shuri ted:  -4J^Q^H^i  1  i  chatter  i f  j 
^Ahbrted.  '^jt^pSkf  md  repla 
637  •  5..f.  J^c  {rvi^3!^6my^  , 
incomplete^  j&niaay4^a^ 
i  did  not  operaw.  Thcrefgrf 
machine  i$  not  f 
TR. 

637  •  6.      Thjs situation  i 

*  cff*3^  Ahc_*c  nor  the  '  

.  beauje  relays  _E  and  G 

0?7  -  7;      After  an  ^ntcmipicr  transfer,  relays ; 

'  the  rihgihg  and  pul^^rom  the  ac'tb  the^ 
appears  that  relay  Q  was  shorted 
oj^ate. 

63 7  •  8 .      When  the  ac  madnii^^  120^  I ?M  wbii Id  riot 

operate  BORC  rcla)^.  which .^^itocnted  D  relay  from 
operating  and  breaking  .the  iOrcuit  to  rcjay  F. 
TWcfbrc.  cither  cbritacts  25  and  26  or  22_or  23tof  the 

^  /Crtiiy  are  bpen.  Also,  cbritacts  I  arid  2  of  B  or  C 

j^lay  could  be  open,  or  contacts  3  antt  4  of  relay  D  are 
shorted. 


CHAPTER  5 

the  purpose  pf  the  XY  fire  repeater  is  to  provide 
sutMcrib<H3  a  rtiearisjof  filing  the  Qre  department. 
T^  purpose  bf  the  XY  dial-tb*dial  trurik  circuit  is  to 
provide  your  subscribers  a  way  to  ca>>  dira:dy 
subscribe©  _in  a  .distant  CCTt raj  office  and  tjie 
subscribers  in  the  distant  exchange  a  way  to  directly 

^11  subicribers  of  your  central  ofTice.   

The  purpose  bf  the  X  Y  irij^ector's  ringback  circuit  is  to 
provide  the  installer  repairmari  with  a  rtiinril  of 
automatjcally  checking  the  bells  4  tc|«ph6ric 
instrument  without  calling  into  the  test  board.; 
The  purposes  of  the  XY  atiendant;$^tchbP«y:d_an^ 
aaociat^-  circuitl  are  to  supplement  the  automatic 
servicci  bf  the  excharige  arid  to  provide  Ifcrvioe  to  the 
exchange's  su^cribers.  *        ^  > 

The  XY  inspeaor's^  is  accessad  froriv 

the  banks  of  the  special  second  seleaor  equiftnent. 
The  XY  two-way  dial-tb-dial  tnmk  ciroiit  usci  cither 
fpop__'o/_ .battery  and^  pulsing  tti^  repeat  the 

subscriWr's  dial  pulses. 


638  -  3. 

:638  .  4; 

638  -  5. 

638  .  6. 

639  .  I: 

639  -  2. 
6:|9  -  3. 

639  -  4. 

639  -  5. 

639  -  6: 


When  relay  RD  in  the  XY  fire  repeater  operates,  it 
clbsei  groUr^l  tb  the  S  lead,  back  to  the  special  second  , 
selector  tb  hold  it  bperated.  through  its  4  arid  5 


coiuacts.       \ 

The  RV  relay,  in  the  XY  fi re  repeater  operates. only 
during  opcrator'assisted  fire  calls. 
The  RV  relay  In  the  XY  fire  repeater  holds  operated  to 
grburid  through  ribrnially  riiadc  cbritacts  of  the  DI'AL 
RLS  switch. 

Note  5  .  oil  the  schema  fire 
repeater,  states  that  the  "C*  wiring  option  is  usad  for 
4iperator  extension. of  all  calls. 
The  SR  relay  in  the  XY  fire  repeater  only  operates 
when  the  fire  department  wishci  (bri  uriattisted  fire 
cahij  the  operator  to  have  the  call  traced.  Tb  r)f>cratc 
the  SR  relay .  the  fire  dqjartment  operates  a  switch  that 
places  groundjon  the  ring  _(R)  side  of  the  line,  shunting  ' 
*^the  ac  winding  of  the  SR  reUy.  allowing  it  to  operate. 
When  the  operator  pushes  (he  (ilk  key.  ihe  OC  relay 
will  operate  and  pcrA^it  her  to  moriitbr  the  call 


640  -1.      On  an  incoming  call,  the  first  re^y.to  operate  in  the 
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XY  two  diiUio-dial  tnmk  droiit  ii  the  PL  relay..  Ii 
opcrito,  withbut  the  **W"  wirinl  option  being  wed. 
thr6u|h  the  loop  provided  by  obritial  of  the  RDt  relay 
■nd  Jhc  ac  winding  of  the  SR1_  rciiy  in  the  dinaiit 
exchange.        _      __  _  _  _ 

640  -  2:    -  Contacts  5  and  6  pf  the  SW        (n^xi  i6  UkJ|«  re^ 
to  fetotte)  ifflHc  the  wmk  bisyW  incoming  alls,  and 
bmnK  it  (SW)  relcuci  prior  )[o  tetaj^ln  the  other 
oTOx'i  trwk  oTCuii  (^ich  is  marlced  ^Si^  there),  the 
tnmUi  P!Ploaed  ^rraat^ 

640  -  5.     On  an  inconriing  caU,  lo  the  tninjLara^ 

operato  when  the  ailed  party  answm.  li  opOTia 
beouie  of  the  battery  revoml  In  tbt  conneaor  circuit, 
who)  tJ^  conncabr's  AB  relay  bpenxa. 

640  -  4.  When  relay  CB.  in  the  trunk  circuit,  ofxxiia  its  1  and 
2  and  3  and  4  pontt<»jJartia^^  ^JP*>M"E  P*^ 
to  the  distant  office  inink.  Its  6  and  _?  opntact$j:lpse  a 
path  to^Qpomte  relay  RDl  in  the  local  office  trunk.  » 

640  -  5      Relay  sftl.  in  the  trunk  dfoiit  oh  an  outgoing  call. 

relf^ES  diiiring  each  dial  pause.  When  it  releises,  it 
p|ac$a_i  iopp  through  contacts  of  relay  RD 1  and  the  ac 
winding  of  the  SRI  relay  to  hold  the  jg^  relay  in  the 
dumt  tnmk  operated  until  the  next  digit  is  dialed  or 
*  the  ailed  piny  aiiswm: 

641-1.      Ehuing  w^rdre  of  the  ihi^pector's  ringtmck  droiit. 
1  ,  relays  CB  and  RD  opcrate,    

64 1  -  2.     The  initial  function  of  oontactt  3  and  4  of  rcLay  RD  in 

the  in^pe^r's  niigback  circuit  is  to  place  ground  on 
the  back  sleeve  lad  to  hold  the  ^jedil  second  ielecior 
switch  operated'  _  _ 

64 1  -  3 .      When  ihc  iwaaljwjuuyg  up  the  firtt  ti me,  the  rollowi ng 

actions  ocair  in  the  in^mor's  hngba^  ciraiit:  

a.  Relay  CB  releaies  and  closes  a  path  to  operate  relay 
SW. 

b.  Relay  SW  operates.  (I )  closing. a  holding  path  to 
relax  RD.  (2)  closing  "nginS  ^  ""If  "^'^  °'  ^ 
subscriber's  line  and  i^qund  to  the  tip  side,  hhging 
the  phone,  and  (3)  ciosing  a  path  for  a  pulsed 
ground,  to  operate  the  RV  relay. 

c.  Ground  oh  the  REV  G  tod  operates. relay  RV, 
which  in  turn  reverses  the  ringing;  The  RV  relas» 
and  reoperaies  periodially.  until  the  installer  goes 

.^fr-hook.    ___  

641-4:  Wihiooi  "W"  wiring  in  use.  the  inspcaof's  nngbad^ 
trunk  reloses  when  the  installer  lifts  the  handset.  This 
happNRis  without  "W"  Wiring,  beatBie  when  the^RT 
bf^tes  over  the  subscriber's  loop,  the  grduhd  is 
removed  that  holds  the  pro»ling  oquipiheht  operated. 

642  -  1:     The  low- resistance  ground  on  the  sleeve  _of_  the 

operator's  tnink  OLVaa  the  RHS^d  RLS  rclayl  in  th^ 
cord  drcuit  to  operate:  when  the  answer  cord  Is 
piuggedj^nto  the  Ijnc  jack  of  the  trunk.. 
64 2  -  2 .  The  purpose  of  the  ground  at  contacts  1  and  2  of  relay 
tB  in. the  operator's  trunk  is  to  provide  a  hold  path  for 
relay  Stl: 

fc42  -  3.  Cbhiacti  24  and  25  provide  a  g round'  on  the  sleeve 
^  back  to  the  preceding  equipment  to  hold  the  iwitch 

traip  op'?*^!^^  . .  

642  -4.      Three  functions  a^nf)plishcd_b?jh^       relay  in  the 

operator's  truak  are:  (1 )  to  operate  the  SL-_1  relay,  C2j 
rondve  the  CB  relay  frojn  the  transmission  path,  and 
(3)  provide  a  hold  path  for  the  RD'Velay. 

643  -  1 .      The  Ib^jack  slecv^,  of  the  bpM       trunk  drciiit,  is  a 

iDw-^&siancc  sleeve  of  320  ohms. 
643    2      The  main  function  of  the  RLS  relay  in  the  oord  ciroiit, 
*  when  operated,  is  lb  close  the  path  for  the  RB  relay; 

which  provides  trahsmissibh  battery  lo  the  subscriber, 

when  It  is  in  the  circuit. 
643  •  3.      When  the  ca]l  cord  is  plugged  into  an  out-dial-to- 

connector  jack,  the  FB  relay  in  the  cord  circuit-  is, 


643  .4. 

644  -  l" 

644  -  2. 
644  -  3. 

644  >  4. 

645  -  1. 


645  -  2. 


645  -  3. 


643  -4. 
645  -  5. 


646  -1. 


646  -  2. 


646  -  3. 


646  -  4. 


646  -  5. 
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operated.  Tlvt  RHS  iha  RCS  relays  do  not  operate 
because  of  the  open  sleeve  bbhditibh  iii  the  lihe:jack: 
Relay  FB_iAy>«  coi^Larcwi t  relcaas  wtai  the  AB  irclay 
in  the  connector  opoiaics.  This  hajjpro  because  of  the 
battery  reversal;  it  shunts  the  FB  relay  by  using  diode 
B.  instod  of  diode  A  in  seris  with  the  ac  winding  of 
the  FB  relay,  as  the  path  for  autoit  flow. 

WhCT  wiring  o^ion  **G^is  in Jhe  convmible  line 
it  ptovides  for  a  high-rojstancc  sjeeyc  at  the  line  jack 
of  the  xwit^iboard;  to  that  transmission  battery  will 
hot  be  provided  by  the  cord  draiic 
Tise  obnvenible  line  circuit  is  iued  as  a  comitioh 

P»*      ^  LR 

relay  requires  boih_ofJis_^»andings.  

Whei  a  CB  nbicriber  goes  off-hook  thoftR  relay  in 
the  obhvmible  line  draut  operats;  ooaing  the  Jine 
lamp  and  the  bi;^  lanip  oh  the  switdibd^j^d  to  light: 
Whqi  tlK  SL  relay. jn  the  converUble  line^ 
as  a  LB  dradU^  o^erata;  it  closes  a^  path  to  the  CO 
relay.  This  happen*  ^  switchboard  operator 
iiiaats  a  obfd  into  the  line  jade  of  the  drcuit. 

^yerai  ieb  of  contacts  in  tlw  operator's  aiid  fmitibh 
draut  could  roake^  jt^  irop9f"Wc  for  the  oparator  to 
mon isor  calls,  the  most  iikejyjircpon tacts  24  and  25  of 
the  SW  relay;  they  ooold  prryom  the  MO  relay  from 
bpmtihg  Otha*  ooi]tacu;ttBi-ODtild  be  at  fauh  are  1 
and  2  ihdA)r  4  and  5  bf  the  TR  r^y;  8  and  1 0  tad/ot 
26  and  28  of  the  MR  relay. 

TlK  trouble  ij  mgsi_lLkc!^  J^ji  ^rxed\  this 

would  provide  an  operate  pa_th  for  relay  FB  af^ 
bittery  revonl  in  the  oonneaor  Repladng  the  diode 

wll  cbitoci  th^)uble:  

Cbntftts  21  ahd^2  bf  relay  SLl  are  shcTrted;  causing 
relay  SLi  to  operate  at  the  same  time  that  relay  RD 

operates-  _   

The  busy  lamp  extinguishes  when  the  operator  answers 
the  all  beause  contacts  4  and  5  of  relay  CO  are  diny. 
The  prbbo^te  rauK>h  for  this  droitt  faiUng  to  release  U 
that  contacts  3  and  4  of  relay  RD  have  beobme  shorted. 
Separating  and  insulating  the  oonua  terminals  should 
clear  the  trouble. 


CHAPTER  6 


b. 


For  ah  initial  check,  the  pulsing  limits  test  set  or  the 
tot  handset,  pr^erably  the  pulsing  limits  test  set, 
should  be  used. 

A_t^pc_l    PMI.  bfMcratibnai  test,  shbuld  b<; 
performed,  first,.  Unless  it  i$^  later  found  that  some 
adjustment  is  needed,  a  type  2  jor  3  PMi  is.  not 
normally  a  first  step.  ... 
c.   The  pulsing  limits  test  set  should  be  used  to  perform 
an  bperationsU  check  initially,  because  the  test  set  is 
hsKtweight.  requires  no  sptxial  Matting  up.  and.  wij  j 
,  provide  a  wide  range  of  conditions  for  lesting  the 
_   lelector  droiit. 

During  the  trdublohooting  Of  a  linefinder.  selector,  or 
conhedbr  droiit. 

Tl^  XY  Circuit  plate  maintenance  test  set  would  be 
usai  jwhen  U  was  necessaryjo  more  thoroughly  check 
the  condition  of  a  drcuit  than  is  possible  with  a  pulsing 
limits  test  set. 

The  XY  switch  tat  set  is  Used  for  the  performance  of 
typnt  1  and  2  PMls. 

In  this  instance,  a  type  1  PMI  bf  the  switch  is  indicated; 
this  is  because  the  aljoticr  controls  the  stepping  of  the 
'  swiich.  not  the  linefinder  circuit.  The  XY  swiich  itsi  set 
should  be  used:  There  is  irt  excellent  chance  thai  a  type 
2  PMI  will  have  to  be  performed  on  the  switch 
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4 


i5 


X; 

J 


647  .  1. 


647  -  2. 


647  -  3. 


The  major  difference  bctweei  a  DTA  and  a  GTA  U       647  .  4. 
this:  a  DTA  taex  a  throe-condiiabr  triirik  (T,  R,  and  C) 
and  a  GTA  uaei  a  four-cohductdr  tnihk  (T.  R,  S,  and 

HS).  ^  647  .  5. 

7]^_J<^_>hAnd  side  of  a  selector,  shelf  desipiation  card 
represenathe  100  bintc  tolninauons  of  ihes>hitd>ci  m        ^.1,  -1^^ 
tlieshcir  •  647  ,  6. 

!"j^or!n»S9iLPoo^  iS^  Jrf^hMd  side  pf_a 

«icao r  shcif  L shcif  designation  card  is  this:  the  swi tch        64  7  ,  7 . 
or  ciraut  number  and  the  bay  and  shelf  location  of  the 
succeeding  oqaipcnefit  for  oich  of  the  100  possible 
wiper  positions  of  the  selector  switch  wipers. 


When  yoii  find  the  (filing  pclrty's  number  in  switch  12, 
ydiir  next  rriove  js  to  go  to  seltctbr  switch'  28  in  bay , 
iPj  JL     ch_ii  the  ncxt'^switch  in  the  switch  train . 
From  sclcctprj  switch  3  of  bay  101,  shelf.  A;  when 
tracing  a-.calh  backward,  to  tN  next  switch  in  liiie, 
which  is  Uhefihder  s>'4itch  4  bh  shelf  H. 
With  $wiich^3  in  the  al^ve  problem,  whai  tracinj  a  call 
!'P'^?^j?_thc        swtph  jn  iinc  «  connector  switch  i  3 
in J^onnector  bay  1,  sl^if  B, 

When  traciftg  a  call  tnckwsrd  from  switch  8  in  the 
cQnnectorvt«y_LC-l'  shelf  D,  you  would  start  in 
sel<xtdr  biy  101,  shilf  A  arid  look  for  a  seieaor 
stepped  X-2  and  ¥-4.1 
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l>'(ildijul  V^Sclicmatir  diaKrani  ut  XY  fire  repealer  circulll^ 
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t  NOTE  K)3 


to  COMMON 
SR  CIRCUIT 


fasmt:  1 1/3  AMP  Ptn  (,2  or  3  ccTt. 


INSPECTORS  RiNGBACk  CIRCUIT 


MOT 

jbi-  TH_E_i  LEAD  IS  WiRlO  THRC^IL  THE  fflAliE  JAOL  BUSY 
_   »mcU-SO  THAT  REftiO\j»L  OF  THE  CIRCUIT  PC/5e 
CONNECTS  rr  TO  eROUND.         ^  / 

i02^  CONTACTS  X  OPERATE  FIRST. 

!jRIN07 


103- SPECIFY  THE  REMOVAL  OF 

IS  TO  RELEASE  WHEN  A  jCAIJI  18^ 
OTHERWISE  SPECIFIED  W  WIRINO, 
TO  JiOta  CONNECTION  WHEN  C^i 
DISCONNECT. 


THIS  CIRCUIT 
NS^EREd.  UM^ESS 
LL  Bt  PROVIDED 
IS  ANSWERED  UNTIL 


Kulduul  II,  iicbeiiiiilic  diasrHhi  of 'XT  in^prc)or\  HiiKbiicfc  circuit! 
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  NOTU  :_  :_.  :__  _ 

j)l$l}TA|j6£^ANl#'0HISj;tPICIUNCE)  AKE  IN  OF 

W{OID:OI))Otm  jAfMUNTEAQN  fACHJMLClRCUlT 
Kmsmi  THCLAST  «MI,  ClIICUlT  I  lOOD  MUMBESEO) 

ttsHomiiREiii  eiiuiT  i  \m  mmm  is  iiREo 

TOlOHmJEWWIL.OrTliijHAL.MM 
m  mmMl  INO  it)  ii  wired  to  TERMINAt  BOARD  A 
iWUMO:  PQS  M  JilTON  AND  RCLAYI  Sl  AND  SWI 
IPOtlTJOM  IMNlOlROUlTi  ARE  PROVIKD  IN  ALL 
PtfSiriONAtONIttCXCCIT  IHEIIUT.  B  UlRINfl  IS  USED  IN 
THI  riRJT  POSmOHAt^NIT  Mti  :  : 
C  iilNdtUSEDIN  ALL  POSITIONAL UNIII-EKCeFt  THl LAST 
liRt  ALARM  TRUNK  SIRDUITS  ARE  PROVIDED  ONTHEFIfjST 

pbsiTiONAL  mi  only  ^  ; 

\  >  KSllNAtjiS  EiiUlPNENT  HARKlNl 

llIIiltTQt£R«NAtrAT,«JNDjlW^^ 
OQMTMTS  ARi HIP  ONLV  WHEN  SERVICE  OBiERViNO 
OIROUIT  Ii  SUPPLIED      :  :  :  :  : 
iv^THEM  LEAW-MNrtEOI-W  TElMlNAt  10AR6  A  ONLY 

f  m  mm  to  THtTwiooRiiiiMiiiii  on  tjs 

OiROIilT  PLATE  AND  TO  THE  tUOOEEDINt  ODRD  OlRCUlT  PLATE 
10  JAOK  TERMINAL  ARE  ARRANDED  AS  SHOWN  BELOW 
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_  ORMATiOli  .  

%  Tiio^v  iNTEit^osiTioii  TiMms  momm  two  cotr^imrtwui 
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EXTENSioj^coujisE  msrmrFE 

VOLUME  REVIEW  EXERCISE 

_     _  ,      _  Xy  TELEPHONE. SYSTEM 

Carefully  read  the  foUowiiig: 

DO'S: 

1.  Cj^k  the  •'ejursc,'*  '^voluiae,''       "^nn**  numben^Jitim  tbc^nswer 
address  ub  against  the  *'VRJE  answer  sheet  ident^cation  number**  in  the 
righthand  column  of  the  shipirihg  lilt  If  numbers  do  hot  inatch^  take  action  to 
retura  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a  note  of 
explanation. 

2.  Note  that  item  numbers  on  answer  sh^t  are  sequential  in  each  (Dolumn. 

3.  Use  a  moiium  sharp  #2  black  lead  pencil  for  iharkihg  answer  sheet. 

4.  Write  the  correct  answer  ft  the  pu^^  it  the  left  of  the  item.  (When  you  review 
for  the  course  exaxnihation,  you  can  cover  your  answers  with  a  strip  of  paper  and 
then  check  your  review  answers  against  your  ori^nai  c^<>i«^0  After  you 

of  your  answers,  transfer  them  to  the  answer  sheet,  if  you  ::%ve  to  change 
answer  bh  the  answer  shc^t,  be  sure  that  the  erasure  is  complete.  Use*  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  a  all  possible. 

5.  Take*  action  to  return  entire  answer  sheet  to  ECI. 

6.  keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrplliKi  student,  process  questions  or  comments  through  ydiir 
unit  trainer  or  OJT  supervisor: 

ILvobmtarily  enrolled  student,  send  quntions  or  comments  to  ECI  on  ECI  Form 
17. 


DONTS: 

1.    ^on^  use  answer  sheets  other  ^han  one  furnished  spedfically  for  rach  review 
expose.  1 

^-    P<>?lt^^^  answer  sheet  exoept  to  hll  in  ns^king  blocks^  Double  marks 

or  excessive  markings  which  overflow  marking  blocks  will  register  as  errors. 
_____        _  _  __  *_ 

3.  Ddn*t  fold,  spindle,  staple,  tape,  of  mutilate  the  answer  she«t. 

4.  D6n*t  use  ink  or  any  markihg  other  than  a  #2  black  l^ud  ^^cil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON 
TIBfe  VOLUME  REVIEW  EXERCISE.  In  parenthesis  after  each  item 
iitiml^r  on  the  VRE  is  xht  I^arn^^^  the  answer  to 

that  item  can  be  looted.  When  answering  the  items  on  the  VRE,  refer  to  the 
.Lining  Objectives  indicted  by  these  Numbers.  The  VRE  results  wiU-be 
^sSk  to  you  on  a  postcard  which  will  list  tl|c  actual  VRE  items  you  misse^^ 
Goto  jhe  VRE  booklet  and  locate  the  Leqming  Objeciive  Numbers  for  the 
items  missed.  Go  to  the  text  and.^refuUy^review  the  areas  covered  by  these 
references.  Review  the  entire  VRE  again  before  ,  you  take  the  closed-book 
Course  Examination. 


Multiple  Choice 


(600) _  How  many  circuit  plates  in  an  XY  linefinder  shelf  contain  line  circuits? 

a.  8.  c.     12.  ^ 

b.  10.  "  d.     lU.  ' 

(600).  In. an  XY  linefinder  shelf,  how  many  linefinder  circuit  plates  do  not 
contain  line  circuits? 

a.  0.  c.  3. 

b.  2.  d;  ^ 

 ^     .  r 

(600)  _  How^fflany  connections  are  there  from  an  XY  line  circuit  to  the  connector 
banks?       V  ^ 

a.     2.        1  c.^   i+.  ,  '  . 

b-     3.  d.     5.      ,  . 

(601)  How  many  allotters  would  be  found  in  a  1,000-line  XY  exchange?  ' 

a.  2.  c-    10.         ■  *  . 

b.  8,  :  d.  20. 

(602)  Which  of  the  following  istatemehts  is  aot  correct?    .      V  : 

a.  In  an  XY  line  circuit,  ten  lines  are  cbnhect<id  to  ^  cbmrobh  AST  lead. 
In  in  XY  line  circuit i  each  AST  lead  is  cpnnected  to  the  X-XX  bank. 

c.  In  an  XY  line  circuit,  the  even -numbered  AST  leads  are  connected  to  the 
X  bank. 

d.  In  an  XY_ line  circuit,  if  one  allotter  fails,  the  other  allbtter  will 
handle  all  linia  circuits.  i 

_   1        _  _       _     _     ;  \/ 

(602)    The  odd-numbered  lines  in  an  XY  exchange  are  connected  to  the 

a*     X|baiik.  c.    even  levels. 

b.  Xn^bank.  d.     S  and  HS  leads. 

(602)    What  bank  is  marked  with  a  potential  when  line  32  goes  off-hook? 

i'     X_ ^i^e  ^^nk ,  third  contact  with  ground, 
b .    XX  wire  bamk ,  third  contact  with  ground . 

^  •    ?  _  bank ,  second  conract  with  battery .  ^-^  .  - 

d.     XX  wire  bank,  second  contact  with  battery. 

(602)    If  a  call  originates  from  a  station  on  an  even-numbered  line  to  an  XY 
®8^^ini®_t  _groimd  is  placed  on  an  X  bank  wire  through  the  contacts  of  the 
transfer  relay  in  aiiot/ter  A  when 

a.  the  XX  baink  is  busy. 

b.  -allotter  B  is  inoperatilve .  _ 

c.  allotter  A  is  operati^fg  properly.  . 

d.  relay  CO  is  operated  because,  of  a  grounded  S  lead. 

(602)    ijS^a  originates  from  a  station  on  an_ odd-numbered  line  to  an_XY 

exchange i  ground  is  placed  on  an  XX  bank  wire  through  contacts  of  the  transfer 
relay  in  allbttiar' B  when 

a.  the  X  bank  is  busy.      '  ' 

b.  allotter  A  is  inopera-^iv^    ,  " 

c.  allotter  B  is  inoperawre/v  : 

d.  both  allotters  are  functioning  properly. 


10.  (B02|    Pol^tion  on  a  level  in  XY  exchange  linefliider  circuits  is  narked  by 
applying  negative  battery  to  the 

a.    T  lead.  c.-    S.  bank,  wixie. 

b;    R  lead:  d.    HS  bank  wire: 

11.  (603)    Refer  to  figure  1-1  of  the  text.    Whieh  closed  contacts  mark  a  line 
busy  at  the  connector  bank? 


Sio 


a.     23  and  24  of  relay  CO.  c.     25  aKS  26  of  relay  CO. 

b:     3  and  4  of  r^lay  LR.  d.     6  and  7  of  relay  tR. 


12.  (604)    W^yt  lead  is  marked  with  ground,  to  act  along  with  succeeding  equipment 
for  restricted  service i  when  a  subscriber  whose  line  circuit  is  strapped  for 
restricted  service  dials  a  restricted  level? 

s.    X.  .  c.  HS. 

b.     R.  d.  XX. 

13.  (605)    In  an  all-linefinde3?-bu4y  condition  in  an  XY  exchange, 

a.  the  AT6  lead  is  grounded  in  allotter  A. 

b.  the  ATB.lead  is  grounded  in  allotter  B. 

c-  one  ground  is  removed  from  the  ATE  lead.  '  ^ 

d-  air  ground»^are  removed  from,  the  ATB  lead. 

14.  (6Q5)    Refer  to  foldout  1.  ;When  a  handset  of  a  telephone  in  an  XY  system  is 
lifted,  relay 

a.  FB  operates.  ^  c.     SA  releases. 

b.  SA  operates.  '.  .  d-     FB  releases.  ^ 

15.  (605)    RelaV  GD  (FO  1)  operates  in  series  with  ^ 

« 

a;'    relay  SA.^  c.     the  Y  magnet. 

b.    the  X  magnet.  d.     the  rotary  switch  magnet. 

16.,,  .('605)    What  action  in  the  linefinder  (FO  1)  preseizes  the  associated  selector? 

a-  Operation  of  relay  SW. 

\     b.  Operation  of  relay  CO. 

.  p.  The  closing  of  contacts  27  and_28  of  the  SW  relay, 

d.  The* closing  of  contacts  1  and  2  of  the  ST  relay. 

17.  (605)    Refer  to  fblddut  1.    'Operation  of  relay  PA  in  the  linef inder-allotter 
circuit  of  an  XY  exchange 

a.  closes  the  XY^ON  circuit  e.     starts  X-directionsteppi  

b.  stops  Y-direction  stepping.  d.     locks  the  X-XX  wiper  in  position. 

18.  (606)    What  relay  in  the  allotter  (FO  1)  does  the  X  magnet  work  to  control 
X-direction  stepping? 

a.  YD.  c.  PA. 
'  b.     SA.                                                        d.  AS. 

19.  (606)    What  potential  operates  the  XS  relay  in  the  allotter  circuit  (FO  1) 
if  line  circuit  48  goes  bff-hbdk?^ 

a-     Ground  on  the  X  wire  bar^i  c.    Battery-v^  the  X  wire  bank. 

b.  Ground  on  the  XX  wire  mHk  d.    Battery  on^the  XX  wire  bank. 
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20.  (607)    Refer  to  foldout  1.    Opefatibri  of  the  Y  fliagnet  caiases  the  Y  interrupter 
springs  in  the  linef inder-allotter  circuit  of  an  XY  exchange  to^ 

§•     f^$hcr  open  the  circuit  of  relay  SW^ 
b.    open  the  operating  circuit  of  relay  PA. 

9^°fe_the  circuit  of  relay  GD  and  open  the  circuit  of  rotary  switch  A: 
d.     transfer  the  operating  circuit  of  relay  AS  from  the  bd  to  the  ca  winding. 

21.  (6b71_  Knfev  to  foldoat  1.  What  two  elements  control  the  Y  stepping  in  an  XY 
linef  indezy? 

a.  YD  relay  and  PA  relay.  -    __       *  - 

b.  YD  relay  to^  XS  relay.  ^*         relay  and  Y  interrupter  sps?iigs. 

d.    Y  interrupter  springs  and  pA  relay. 

22.  f607i_  Which  relay  action  in  the  allotter  (FO  1)  causes  the  ST  relay  in  the 
linef inder  to  release? 


23 


^     a.    YD  relay  releasing.  c.    YS  relay  operating, 

b.    SA  relay  operating.  d.    GD  relay  releasing. 

(607)    What  lead  from  a  busy  linef inder  circuit  causes  the  rotary  switch 
(FO  1)  to  step  over  it? 

c.  ATB. 

d.  ST-A. 

24.  (608)    What  action  restores  an  operated  linef inder  release  magnet  (FO  1)? 

a.  Restoring  of  Y-ONs.  c    Operation  of  Y-Olfc. 

b.  Restoring  of  X-ONs.  d.     Operation  of  X-ONs. 

25.  (608 )_  Release  of  the  Z  spring  pileup  in  a  linef inder  switch  (FO  1)  results 
in  which  of  the  following? 

a.  Removes  ground  from  the  G  lead. 

b.  Marks  the  allotter  busy  to  calls. 
^*     ?^®^®^^®?_"^!^_®_4#io9i#_ted  selector. 

d.    Marks  the  switch  busy  to  the  rotary  switch. 

26.  (609)    The  action  of  which  of  the  following  initially  removes  a  ground  from  ' 
the  ATB  lead  during  call  processing  by  a  linefinder  (FO  1)? 

a.  Relay  ST..  ^        c.  X-ONs. 

b.  Relay  SW.  ^         d.  Y-ONs. 

27.  (610)    Refer  to  foldout  1.     There  is  a  ground  pulse  on  the  PU  lead  about  every 

a.  2  seconds.  c.  "  4  seconds. 

b.  3  seconds.  d.     6  seconds. 

28.  (610  )^_  Allotter  B  in  an  XY  linef  inder- allotter  <F0  1)  provides  for  the 
distribution  of  calls  from  odd-numbered  line  circuits 

^'         ^^9^?®r_A  encounters  two  faulty  linefinders  in  succession. 

b.  as  long  as  it  is  in  an  operi^ting  condition. 

c.  when  an  al^truhks-busy  condition  exists. 

d.  if  relay  TFJin  allotter  A  operates. 

512 


29:     (610)    etrcuits  in  an  XY  linef inder-allotter  (TO  1)  provide  that  whe^  linies 
have  been  transferred  from  aiiotter  A-  ta  the  control  of  allotter  B  a/nd  two 
faulty  linefinders  are  encountered  in  "succession,  / 


\ 


31. 


a.  ,    the  lines  would^  be  transferred  back  -to  allotter  K: 

b.  further  transfer  to  other_ allotter    will  take  place. 

c.  allotter  A  will  start  stepping  and  connect  an  alarm  circuit. 

d.  allotter  B  wilT  continue  in  control  until  ^  operative  idle  linefinder  is 
found. 


30..    _(61_0)_  Refer  to  foldout  1.     An  aiiotter  that 


back  into  service  by  manually  ^operating  the  appropriate 


transf-erred  may  be  put 


a.  test  switch. 

b.  rotary  switch. 


(611)_  What  listed  relay  in  ^the  al 
an  allotter  transfer? 


c . 

_d. 


busy  and  reset  switch, 
mpnitor  switch. 


(TO  1)  if  it  fails,  will  not  set 


up 


a. 
b. 


FB. 
SA. 


c . 
d. 


AS; 
PA. 


32.     (512)    Avyisuai  check  of  the  linefinder-allotter  equipment  shows  relay  FB  in 
allotter  A  to  be  restored,  although  allotted  B  is  operating  satisfactorily. 
An  analysis  of  the  circuit  in  the  schematic  (FO  1)  reveals  that  the  equipment 
.  fault  coald  be  that 


33. 


a.  the  busy  switch  has  been  operated  accidentally. 

b.  contacts  11  and  12  of  relay  ST  are  separated  by  dirt.  * 

c.  the  jumper  between . terminal  2  of  circuit'  plate  jack  A  and  relay  FB  is  open. 

d.  the  ground  connection  to  terminal  15  of "shelf  plug  A  has  been  discofinected . 

{P.^^}.._^4'^  the  allotter  (FO  1)  when  the  line  circuits 

operate  and  the  linefinders  overstep  in  the  Y  direction? 


34. 


a.  The  ac  winding  of  relay  XS, is  open. 

b. ^  The- ac  winding  of  relay  PA  is  op»* 

c.  Contacts  22  and_23_of  relay. XS  ai^^irty. 

d.  Coif^cts  5  and  6  of  relay  GD  are  dAty.  • 


(612)  What  is  the  trouble  v^en  the  liqefinder  (FO  1)  is  S(§ized  prior  to  full 
release  of  the  switch? 


^  a.  X«-ON  contacts  5  and  6  do  not  ma^. 

b.  Y-ON  contacts  5  and  5  do  nbtvmake. 

c.  Z  spring  contacts  u  and  5  do  not  make. 

d.  Z  spring  contacts  1  and  2  are  shorted. 

35.     (513)    What  is  the  hunting  speed  of  an  XY  selector  swi-^h?' 

-        -  .   •  ------  :  -  -J-/ 

a.  30  steps  per  second.  .  ;^  c:     40  steps  per_is«con 

b.  ,35  steps  per  second.  d.     45  steps  per'sebpni 

35.     (513)    A  sihg:le  Selector  switch  may  be  used  to  connect 

both  outgoing  trunks  and  subscribers  lines.  ] 
incoming  trunks  and  subscribers  lines. 
outgoing  trunks  and  special  services . 
either  outgoing  or  incoming  trunks. 
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37.  (614)    Succesisful  bpei?at^on  of  an  XY  selector  requires 

a.    absence  of  ground  searching^  ""V^ 
>      b.     dialing  2  digits  to  the  selector, 
c;    dialing  for  Y-dlrection  stepping.  . 

d.     no  dial  tone  for  X-direction  stepping.  ■ 

...  — 

38.  (614)     In  an  XY  system,  selector  relay  HA  (FO  2)  opei?ates 

a.  before  relay  XD  releases.  .    

b.  because  of  the  closed  Y  interrupter  contacts. 

c.  after  relay  XD  releases  but  before  the  Y  ihtei?rupter  contacts  close. 

d.  to  open  the  Y  interrupter  contacts  and  close  the  Y  off-normal  contacts. 

39.  (614)    Opei^ation  of  the  XY  system  selector  relay  SW  (FO  2) 

releases  the  selector.  _     _  .  *  * 

b.  closes  the  circuit  of  the  Z  magnet. 

c.  connects  R3  in  series  with  the  MON  lamp. 

d.  opens  the  T  and  R  leads  6f  the  preceding  equipment. 

40.  (615)    Refer  to  foldout  2.-   When  the  XY  switch  is  used  as  a  selector,  the 
circuit  for  X  off-normal  spring  contact  7  is 

a.  omitted  from  the  XY  switch  assembly. 

b.  not  connected  beyond  the  switch  jack.  ^ 

c.  in  series  with  the  Y  off-normal  contact  7.  _    ■ -_ 

d.  connected  through  terminal  20JbJ^the  shelf  plug. 

41.  (615)    Contacts  1  and  2  of  an  opfflted  CB  relay  in\n  XY  selector  (FO  2)  ^ 
close  .  / 

_    _      _      _       -        _        ---  i  -     ^*  :     ,    -  -       -  -  ' 

a.  a  partial  path  for  relay  SW.  c.     the  bperat<*d  path  of  relay  RD* 

b.  a  partial  path  for  relay  XD.  d.     the  path  through  the  monitor  lamp. 

..       '    _     .   ......  ...       •  ...  ...   ^     ..  ... 

^  42.     (616)  -  X-direction  stepping  of  an  XY  system  selector  (FO  2)  results  from  the 

interaction  of  relay  CB,     ^  ,'      '     ^  ^ 

a.  relay  XD,  and  relay  HA.  ,  » 
^    b.  relay  RD,  and  relay.  SW; 

c.  the  Y  magnet,  and  the  X  magnet.     ,  .  .  V 

d.  the  X  magnet,  and  the  dial  pulse- springs .      *  .  L 

43.  (616)_  What  relay  action  in  an  XY  selector  (FO  2)  transfers  X  stepping  to  Y  ^ 
stepping?  -    *  •  . 

-a.     HA  relay  operating.  c.    :RD  relay  operating. 

b.  XD  relay  releasing.  d.     RD  relay  releasing. 
?                                         "                                     ...  _    ■  _ 

44.  (517)    Y-direction  stepping  of  an  XY-^elector  (FOjfe).  results  'frbm  the 
int emotion  of  reiay  HA  and      .  ^  "  .  .       -  '  » 

a.  ifelay  SW.  _  „  '      '  |f(|^         ^''^^P®^-  ' 

b.  the  X  magnet.    .  '       '  "^^^  di4lj^t)ulse  springs 

  -'  I  ■  • :  - 

45.  (617)    Relay  HA  assists  the  X^^^le<ii^lK||^itcfe  J  (FO  2 )  when  it  is 

a.  stepping  in  the  X  difectibSj^  '  '^S?^^.^®'^^^"^  from  "position  Yril,(  : 

b.  steppin^^  in  the  Y  direct iqji^^  * 't:*  vd^|^.^tepping  _  in  it"^^     an<f  Y«  direct'ij^n^  . 
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46.     (6i8)    When  an  XY  selector  (FO  2)  encounters  an  all-trunks-busy  condition, 

a.  the  connector  sends  back  a.  busy  tone. 

b.  \  the  switch  stepped  to  the  X-11  position. 

c.  Vthe  switch _ stepped  to  .the  Y-ll  position.  '  . 

d.  \busy  tone  is  connected  to  the  supervisory  equipment. 

U7.     (618)    When  an  XY  iselector  (FO  2)  is  stepped  to  the  Y-11  position, 

a:  busy  tone  is  sent  to  the  called  party.  *  ^ 

b.  dial  tone  is  sent  t-o  the  called  station^' 

c.  dial  tone  is  heard  at  the  calling  station. 

d.  busy  tone  is  heaVd  at  the  calling  station.  • 

48.     (618)    While  an  XY  system  selector  (FO  2)  is  returning  to  normal,  ground  is 

extended  to  the  preceding  equipment  over  the 

:  k^'    . 

a.  HS  lead.  c.    GBT  lead. 

b.  S  lead.  d.     MSR  lead. 

~  _ :  _        ^         _       _  •_  _  '  r 

Switchthrough  is  completed  when  the  succeeding  equipment  (FO  2)  is 
seized  and 

a.  :;  the  Z  magnet  is. operated.  c.     selector  relay  RD  has  released. 

b.  tjie  called  station  answers.  d.     selector  relay  SW  has  released. 

50-     (619)    Which  of  the  following  relays  remain(s)  operated  in  an  XY  selector 
(FO  2)  after  switchthrough? 

a.  CB.  '  •  c.     RD  ahd  SW.     .  " 

b.  SW.  '       .  d.     CB  and  SW.  '  - 

  .■ .  .       .      .  _  ..  ...  ^      -  .  -    -       .     -         -■  ^:  _ 

J51.     (620)    Refer  to  text  figure  2-8.  What  action  initiates  the  release  of  an  XY 
^       selector  switch?  .  ,  . 

a.  Loss  of  ground  at  the  S  wiper r        c.     Ba-tt-ery  on  t.he  S  wiper. 

b.  toss  of  ground  at  the  T  wipe^^,       d.     Battery  on  the  T  wiper. 

52^     (620)    Refer  to  foldout  2.     An  XY  system  selector  will  release  When  ^eldctor 

a.  -^   CB  relay  releases.  <  c.     relay  SW  releases.  ,  )  / 

b.  relay  SW  operates.  d.     Y  magnet  operates.  ,  " 

53.     (621)    Refer  to_ foldout  2.     F  wiring  to  an  ^Y  system  selector  restricts /the  us 
of  lines  or  trunks  by  .  ' 


a.  a  shunt  across  relay  HA. 

b.  an  XX  ba^k  connection  to  ground. .  J 


_  c.     an  HS  lead  connection  to_the  X  wiper. 
:  ^d.     a  grouhdyon  the  s\wiper  from  _the,  X  bank  contact.  ^ 

5U.     C621)     Spark  protection  for  contacts  3  and'  ^  of  relay /HA  (FO  2)  is 
furnished  by  capacitor 


a.  C2  and  resistor/Kl.  c.     CI  and  res  i  sit  or  K2.  * 

b.  CI  and  resitor  Rl.  5.     C2  and  resistor  R2. . 

55.     (622).    Refer  to  foldout  2.     What  is  the  \fcroable  when  an  XY  selector  stops  on 

the  first  trunk,  idle  or  busy?   .\    '\ 

1^        a.     Open  S  wiper  lead.                      '  c.     Open  T  wiper  lead. 

Open  R  wiper  iesd.  d.     Cbntact  ^  of  relay  SW^  is  grounded. 

H'5 


56.  (622)    Refer  to  fbldbut  2.     What  i4  the  trouble  when  an  XY  selector  will  hot 
step  Y "after  stepping  X?  * 

a.  XD  relay  released.  .  '    :  \  ^ 

b.  Y  i|}terr^Jpter  contacts  are  made. 

c.  Contacts  5  and  6  of  relay  HA  do  not  make. 

d.  \  Contacts  1  and  2  of  relay  RD  are  shorted. 

57.  (623)    The  trunk- hunting  feature  of  ah  XY  connector  is  obtained  by  strapping, 
the  S  and  .f 


a.  t_lead  of _each_ line i  except  the  last.  ;  .  ' 

b.  HS  lead  of  each  line,  except  the  laist. 

c.  T_lead  of  each. line,  including  the  last.' 

d.  '    HS  lead  of  each  line,  ihcliidihg  this  last. 

»  ■  ^  . 

58.  (623)    The  PX  cbfthectbr  is  similar  tb  a  first  selector  in  that  it 

a.  hunts  in  the  Y  direction  automatically. 

b.  sends  dial  tone  to  the  callihg  party. 

c.  Sends  dial  tone  to  the  called  party.  ^ 

d.  is  shared  equipment.  - 

59.  (624)    the  PX  connector  (FO  3)  is  seized  when  relay 

a .  SW  in  the  linef inder  operates . 

b.  ST  in  th^  selector  releases.  ■  ^ 

e.  SW  in  the  selector  releases. 
\_|          d.     ST  in  the  linef  inder  operates. 

'    i&O.     (624)    Whi^  6f  the  following  is  not  a  function  of  the  XY  PX  connector  (FO  3) 
'    during  seiz^e?  '  ^  i^jr'       .  "  ^ 

a.  Complete  the  hold" path  for  relay  BT^ 

•  ■  b.  Supply  ground  to  the  start  (ST)  lead.  _  ; 

'1^        c.  Complete  the  bperatihg  path  of  relay  XD. 

d.  Send  ground  back  to  h<»id  preceeding  equipment  operated. 


61.  (62»+)    The  XY  system  PX  connector  relays  (FO  3),  listed  in  the  order  in  whi^h 
they  operate  durihg  equipment  seizure,  are 

a.  ST,  CB,  RT,  and  XD.  .:. .     CB,  RD,  RT,  and  XD.  . 

b.  RT,  CB,  ST,  and  XD.  ♦  d.     XD,  RT,  ST,  and  CB. 

62.  (625)_  Relay  CB  in  an  XY  system  PX  connector  (FO  3)  responds  to  dial  pulses 

\  _    '■■'^  "     "        _   "    •  . 

a.     during  X-direetion  stepping  and  then  during  Y-dir^tion  steppjfng. 
,  b.     during  Y-direction.  stepping  anclj^hen  during  X-direction  stepping. 

c.  after  the  XY  switch  steps^ih  the  Y  direction. 
^.    while  the  Z  magnet  is  operrS^g. 


63. 


(625)     In  an  XY  system  PX  conne^prjHrcuit  (FO  3),  relay  RT 

a.  relQ^ses  when  relay  XD  releases. 

b.  corihects  dial  tbhe  tb  the  cbnhector  circuit. 

c.  release?  when  the' called  station  is  answered. 

,d.  clbses  the -circuits  tb  the  X  magnet  during  Y-direction  stepping. 
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64.  (626)    Before  an  XY  system  PX  cohriectdr  (FO  3)  steps  in  the  Y  direction,' 

^«  !t he  pulse'  springs  mus t_ be  closed  .  •  ^  ■ 

b.  relays_  CBi  RD  i  and  XD  must  reiease  .  ..  '  * 

c.  relay  RD  is  operated  b^^  the  dial  pulse  cbRtacts.  '      ^  ^ 

xX,  relay  CB  is  held  operated  by  the  dial  pulse  contacts.  .  ■ 

65.  (626)    Refer  to  foldout  21     Which  choice  is  correct  concerning  an  XY  system 
connector? 

a.  XD  restores  after  each^.step  tn  the  Y  direction; 

b.  CB  i^estores  after  the  X-direction  stepping  is  cdmpleted.  ' 

c.  BT  Operates  before  relay  XD  is  released  if  the  .called  station  is  busy, 

d.  SW  operates  during-  the  time  lapse  between  the  first  and  secShd  steps  in  the 
X  direction. 

66.  (628)    When  the  operating  circuit  of  relay  SW^is  completed  by  two  XY  system 
connectors  at  the  same  instant , 

a.  nt>  switchthrough  occurs.  

b.  both  connectors* will  switch  -  through .  ^ 

c .  the  odd^numbered  connector  is  re jected . 

d.  the  even-numbered  connector  is  rejected. 

67.  (628).  Ringback  tone  to  the  calling  station  from  the  XY  system  PX  connector 
(FO  3)  passes  through 

C4  and  contacts  5  and  6  gf  relay  SW.  -  ,  ^    ^  - 

_Ql  and  contacts  9  and  10  of  relay __RT.  ^       ,  ,  '  \ 

contacts  1  and  2  of  >elay  CB.  -       :  . 

contacts  25  and '26  of  relay  Rt.  '    .  ^ 

(628)    Whic^  choice  gives  the  best  description  of  a  circuit  condition  that  . 
applies  tb  relay  RT  -in  an  XY  PX  connector  (FO  3)?  A; 

a.  Operates  on  ringing,  current.  _.  ■     ■  '  ) 

b.  Will  operate  on  either  AC  or,  DC .-  '  ■  '  _  -y' 

c.  Operates  during  the  ringing  interval,    ..  '    .  • 

d.  Has  ringing'  current  through  its 'ca  winding .  "  (  . 


68. 


69.  (628)     The  X  contacts  of  relay  RT  in  the  XV  FX  connector  (FO  3)  Operate.  ,  1^ 

a.  prior  to  the  other  RT  coj:itacts  to  complete  a  locking  circuit.  _ 
■      ■  b.     slowly i_  thus  delayiiTg  ^pervisory  equip'ment  disconnection. 

^.  .  ■    c.     last,  thus  interrupting  ringback  and  dial  tones. 

d<    during  the  ringing  intervals.  ,  '  * 

70.  (628)    Refer  to  foldout  3.     Which  of__the  foliowing  is  a  correct  description  o? 

the  function  of  one  circuit  in  the  XY 'PX  connector?  ; 

"  a:  .  Furnishes  transmission  battery*  t^tehe  calling  station  through  capacitor  CI. 

b.  Furnishes  "transmission  batte^y■^t|l^he  calling  station 

c.  Provides. transmission  battery  tpfthe  called . station  through  relay  CB. 

d.  Provides  rihgin^Current  to  the  called  station  through  CI  and  C2. 

71.  (629)  :  At  the_coin^^i^n\of^a;call  in  an  XY  system  PX  connector ,  'if  only  one 
station  disconnects,' Immediately ,  connector  relay  RT  (FO  3)  is 

%        a.  shunted  _by  the  2  magneto.     _      _       . ._ 

b.  released  by  contacts  8-7  of  relayrAB.  "  ' 

c.  released  by  contacts  7-6  of  relay  RD. 

d.  held  operated  until  the  other  station, disconnects ; 

'         .    :•      .  . 
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72;     (529)    The  2  magnet  in  an  XY  system  PX  connector  circait  i  F!  !)  jperat-es 

a.  to  start  X-direction  stepping. 

/  h.  to  start  Y-direction  stepping. 

'   c.  'when  ground  is  removed  from  the  5  lead. 

d,  when  relay  XD  opens  its  1  and  2  contacts.  .  J 

■ "^^^     ^.§29^    Which  (Sif  the  ^pllowing^-is  the  tsest  description  of  operating  conditions 
for  relay  SW  (FO  3)  in  an  XY  system  PX  connector? 

fc:  :   a.  Releases  when  the.  called  and  calling  parties  hang  up .       _  ^ 

h'.  Is  held  operated  by  contacts  1  and  2  of  restored  relay  AB. 

c.  Is_h«ld  operated. by  contacts  5 ■ and  6  of  operated  relay. 3T. 

d.  Releases  when  relay  RT  restores  to  open  its  contacts  21  and  22. 

7U.     (530)    Connector  relay  BT  (FO  3)  failes  to  operate  when  the  3  Wiper  contacts 
the  S  bank  wire  of  a  busy  line  in  an  XY  system,  /  Which  choice  presents-  the 
probable  cause?  J 

a.  Dirty  contacts  3  and  ^  of  selector  relay  ?p:  / 

b.  '  Contacts  23  and  2^  of  connector^  relay ;  XD  ape  openj  ^  ,  ' 
♦  Dirty  contacts  21  and  22  of  the  operated  ^Jne  circuit  relay  CO; 

(il  Contract  22  of  connector  relay  SW  tIs  shorteti  to  contact  23  of  relay  3W. 

i".      -    ^-  -       -  ^ 

B'  •  _  f^^^^y^  3-     ?^^_'^§^^^^_P^F'^y_§^^wers  .a  call  and  can  hear  but 

\/  ^"^Ijnot  be  heard.     Which  choice  presents  the  probable  cause?. 

^  a.     Dirty  contacts  30  and  31  of  the  opera;t;ei  SW  relay, 

b.  i^i^^y _'^^n5^cts_12  and  13  of  the  ocerated  SW  relay, 

c.  .    Shorted  contacts  2  and  4  of  operated  A3  relay. 

d.  '   Capacitor  C2  open,  ' 
76:     (630)     Refer  to  f^idoiit  3,     What  is  the  trouble  when  the  calling,  party ,  after 


hearing  no  rina>at:k  tone,  hears  the  called  party  answer? 


a.  Shorted  ci^nt acts  5  and  5  of  relay  SW. 

b.  Shorted . contacts  9  and  10  of  relay  SW: 

c.  Dirty  con.ta!cts  5  and  6  of  relay  SW.  - 

d.  Dirty  contacts  3  and  U-  of  relay  SW. 

-     i-i-i-    :  ■-          :   ...   

^.     (631)     The  group  supervisory  ..panel  is  located 

a.  on  t.he  .r^layiVack. 

b.  on  the  'powerboard. 

c.  in  the  -^watchboard .       fik^.        -    -  ■ 

d.  in  the  ikst  'bbsitibn  bf^^e  shelf: 

78.     (631)    What  is,  the  color  of ' ^q^- visual  alarm  for  a  blown  heat  coil? 

3.     Red,  '  c:  Clear: 

b.     Blue^  d.  Green, 

•79,  (632)  Wh-^i^^,  listed  commbh  eqiiipiment  is  under  control  of  the  common  Gupervisory 
'^'^  circuit? ^^^^y  I.V'v  '  ;. 

^"  a.  Linem^Jr^ai^d  dual  _ai±otter .  - 

,  ■  X-  <  ^  ■  b  .  ^3  e  1  ect<3g|^ar^  second  Ife  1  e  c  t;or  s  .  .  -f*  -     -■^        \-    \  ■'■  ■ 

'.  ■^r  '-:  5',  tvxx^^^^M^?  ^iiWiar^  circuits.  :  '    • .     '.J.  ^' ;  .>l^5^; 

'//.,r'v'.?  •  ^  '  ^"^^SE^^*^.?^*^^^  ringing  equipment  ,.  .   '  .' 


b  :     (633)    The  Lnpr mail y  operated  relavin  "^h^L  Qortppfi^  o r-vi        at W7  ' O  t s 
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(633)    Refer  tofoidout  ^.     H6w  may  the  LV  relay  be  made  to  release  correctly? 


82. 


83. 


8*4. 


a.     By  adjusting  Rl.  "  ^ 

b:     By  adjusting  .R5: 
c-.     By  adding  contact  pressite. 
d.     By  adjusting  residaal  gap. 

(633)    The  purpose  of  the        al^rm  is  to  indicate 

a.  exchange  battery  voltage  under  volts. 

b.  exchange  battery  charger  under  45  volts. 

c.  iinefinder  voltage  under. 45. 5  volts. 

d.  line  voltage  under  tJS  volts.  j 

(633)  The  relays  that  operate  in  the  coiranon  supervisory  circuit  (FO  U )  when  a 
delayed  alarm  is  in  projpress  are 


a.  _SA,  SB,  and  SC. 

b.  VA,  VB,  and  LV. 


c.  E,  F,  and  EF.        j;  '^Ti 

d.  DA,  DB,  and  DC. 


(633)    Which  Of  the  following  failure  alarms  is  delayed? 


a.  individual  fuse. 

b.  Equipment  fuse. 


c.  Low  voltage .         _  . _ 

d.  Emergency  start  fail. 


55.     (63u)     The  nonemergency  extension  lanip  in  the  commoi*  supervisory  circuit 
(rc  ^)  never  indicates  an  alarm.     The  first  thing  to  check  is 


86. 


a.     the  lamp. 

•b.     contacts  6  and  7  of  relay  E. 
c:     contacts  3  and  u  of  .relay  EF.      .  _ 
d.     the  v/iring  between  figures  1  and  2. 

(63U)  Cn  ar.*;emergehcy  start  fail  alarm,  relay  SB  (FO  u)  fails"  to  operate.  The 
cause  could  be  contacts 


c.  3  and  ^  of  SB  open, 
d:     3  and  ^  of  SC  open. 


3  and  5  of  SB  open. 
1  and  2  of  SA  Open: 

87,  (635)     Select  two  pieces  of  equipment  which  may  generate  ringing  current. 

a.  Sabcycle  and  DC  ringing  machine. 

b.  AC  and  pcinterrupter. 

c.  Tone  generator. 1  and  2. 

d.  Charger  1  and  2.  • 

88.  (635)     Refer  to  holdout  7.     What  type  of  subcycle  is  used  in  XY  offices? 


a.  AC. 

b.  DC. 


c.  AC  and  DC. 

d .  Dynamotor . 


89.     (636)     The  voltmeter  (figure  3  of  foldout  6)  of  the  discharge  and  distribution 
circuit  indicates 


a;     charge  voltage, 
b.     discharge  voltage. 


c .  exchange  voltage . 

d .  low- voltage  alarm . 


90.     (636)     Refer  to  foldout        figure  3.     In  what  manner  is  the  ammeter  on  the 

disch^ge  and .distribution  circuit  connected  with  equipment  circuit  breakers 
and  th^  negative  main  battery? 


a .  Series  parallel . 

b.  Parallel. 


c^  Mul ti  p  1  (' ; 
d .    "Scries . 
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"    9i."    (636)    The  purpbse  of  the  Rf-1  and  RF-2  (FO  7)  is  to 


ERIC 


a.  prevent  chattering  of  Gl  and_G2. 

b.  bypass  every  other  cycle  of  AC,  .  <; 

c.  make  Gl  and  G2  release  on  tirie. 

d.  reduce  voltage. 

(637)  Refer  to  foldout  8.  The  DC  interrupter  will  not  start.  The  first  place 
to  check  is  -  ' 


a.  the  USV  supply.  ^ 

b.  the  llOV  AC  supply. 

c.  contacts  25  and _2B  of  relay  F . 
d;  the  INT  ST2  lead  to  figure  1. 

'93.     (633)    Which  choice  is  correct  concerning  the  function(s)  of  the  XY  fire  alarm 
trunk  circuit?  ^ 

a.  The  fire  alarm  trunk  circuit  is  mounted  bh  the  switchboard. 

b.  The  fire  alarm  circuit: signals,  the  fire,  department . only . 

c.  All  calls  must  be  handled  by  the  switchboard  bperatbr. 

d.  Ail  fire  calls  can  be  monitored  by  the  operator. 

9i+.     (638)    The  inspector's  ringback  circuit  i's  accessed  from  the 

3.     Special  second  selectors.  c,     first  selectors, 

b'.     second  selectors.  .,d.  connectors. 

...'^i.     _         .....  .  .         ■ :   *  .     

95.     (639)     In  an  XY  system,  the  relay  in  the  fire^^^eater  (FO  9)  that  extends 
ringing  current  to  the  fire  dei^^ti^^t  ig^.^^  ^  _ 

a.  F.relay.  s  j4.'?elay ,  :>  ^  ,      ^  , 

b.  RT«  relay.  ^  "^Wl'd'.'    Bfi  relay. 


96:     (639)     When  the  "C"  wiring  option .j^'.Usfed  in.  the  XY  fir^  repefesr  (FOj^^^  what 
circuit  action  is  responsible  for.  alerting  the  swit<:Kboard  operator  of  fire 

call?      ^  ^.  '  ■     '        '  ■  ■  ■'•"'■■■[,  ~  ' 

a.  Relay  FA  operates.  c.     Relay  RT  releases.'  .  ; 

b.  Relay  RD  operates.  d.     Relay  CB  re-leases .  , 

97.  (639.     In  an  XY  fire  repeater  (FO  9),' relay  RT  (ring  trip)  do^is  vfhlch  of  the 
following?  •         _  ' 

a.  Signals  the  switchboard  operator .  - 

b.  Operates  the  signal  bell  Jn  the  exchange. 

c.  Close  contacts  21-23  to  operate  relay  CB^ 
■'4=.-  Cuts  off  ring  current  to  the  fire  department. 

98.  (640)    What  relays  are  operated  in  the  ;local  trunk  (FO  10)  when  it  is  seized 
from  the  local  attendant's  cabinet? 


a.  ..^PL,  SW,  SR2.  c.     CB,  RDl ,  PL,  SW. 

b.  ""cB,  .RDl,  RDli;*^'  d.     PL,  SW,  SR2,  CB,  RDl. 

99.     '(640)    After,  switchthrough  to  a  dial.-to-dial  trunk  (FO  iO),  the  precedi: 
releases.     Tha  probable  cause  would  be 

.P^D*^^^^8  A-6  and  Aril  shorted. 

b.  contacts  5  and  6  of  SW_ not  making. 

c.  contacts  1  and  2  of  RDl  not  making.  ' 

d.  lead  on  punching  A5  is  broken  off. 
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100.     (6H0)    Seizing  the  two-way  dial  trunk  circuit  (FO  10)  through  a  selector,  the  ^ 

^    following  relays  will  operate  in  the  distant  office :  ^-  : 

a.     CB,  RDi^  RDil^.  and  SRI.  c.     PL,  SW,_and  SR2. 

h:     CB,  RDl,  and  RDll.  d.     PL  and  SW. 

1    .    .  ...         ...  :    .1.  . 

101;     (6*4b)_  During  seizure  of  the  distant  of f ice  two-way  dial-to-dial  trunk  (FO  10), 
the  SW  relay  does  not  operate.     Which  of  the ' fallowing  could  be  the  possible, 
cause? 

a.    Contacts  4  and  5  of^PL  dirty, 
^9D!tacts  3  and^*4  of  PL  dirty, 
c.    Contacts  24  and  23  of  SW  dirty: 
^  d.     Contacts  22  and  23  of  test  jack  dirty. 

102.  (§40)     In  the  two-way  dial  trunk  circuit  (FO  10 )  after  the  called  party 
answers,  the  first  relay' to  operate  in  the  distant  office  is 

a.  SRI.  .   ,  .  c.  SRll. 

b.  SR2.  '        "  d.  RS. 

103.  "Hie  cay ipg  subscriber  t^ougtii the  dial- to-dial  trunk  (FO  10)  to 
the  distant  offi  ce^  when  the  called  party  answers ,  no  conversation  can  take 
place.     One  probable ' cause  in  the  local  trimk  circuit  would  be  faulty  contacts 

a:     1  and  2  'of  SRll.  c.     ^  and  6  of  SRll. 

b.     i  and  2  of  SRI.  ,  d.     3  and  4  of  SH2. 

(640)    On  an  outgoing  call  througli  the  two-way  trunk .circuit  (FB  10),  the 
relays  that  are  operated  during  conversation  in  ,the  4istaivt^  exchainge  are 

a:     CB,  SR2.  c.     PL,  SW,  SR2. 

b.     PL,  SW.  .  d.     CB,  RDl,  RDll. 

105.  (640)    Which  listed  relay  is  the  first  to  release  in__the  two-way  dial  trunk 
circuit  (FO  10)  when  the  called  party  hangs  up  first? 

a.  CB.  c.  SW. 

b.  PL.  d.  SR2. 

106.  (641)    What  rela^  operates  in  the  ringback  circuit  (FO  11)  after  the  installer 
hangs  up  the  first  time?  , 

a.  RD.  c.  RT. 

b.  SW.  -  d.  CB. 

107.  (641)     What  causes  the  reversal  of  ringing  in  the  ringback  clrcui..  (FO  11 )  , 
from  the^^ip  side  of  the  line  to  the  ring  side? 


J  a.     Relay  RV  operating.  c.     Ground  on  the.  REV  G  lead.. 

\b.     Relay  RV  releasing.  d.     Use  of  the  "W"  wiring  option. 

i  .        .  .    .    .    .  ^ 

lbs.    '(641)    Which  set  of  contacts  listed  below  is  not  p^rt  of  the  initial  operate 
path  of  relay  RT  in  the  ringback  circuit  (FO  11 )? 


a.     i  and  2  of  RD.  c.     6  and  7  of  SW.  ; 

L.     5  ana  6  ^f  RV .  d:     5  and  6  of  RT: 

(642).  The  relays  that  are  operated  in  the  information  or  operator'  runk 

circuit  (FO  13)  during  conversation  are 

a.     CD,  RD,  SL.  c.     CB,  RD ,  SLl. 

5.     RD,  SL,   SLl.  ci.  •  CB,   RD SL,  SLl. 
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■    Ug;     (6U3)  ..the "operator  can  not,  transmit  or  Receive  on  any  of  the  cord,  circuits 
(FO  12).     The  probable- trouble  would  be ^ 


a.  contacts  8  and  9  of  OC  do  hot  make. 

b.  contacts  21  and  22  of  OT  shorted. 

c.  contacts  13  and  14  of  OC  do  not  make: 

d.  contacts  IB  and  2B  of  the   MON  key  shorted- 

111.  (643)    When  the .operator  plugs. call  cord  (FO  12)  into  an  out-dial-to- 
connector  line  jack,  th^ operate  path  for  relay  FB  is  through 

a:  diode  A.  . 

b.  diode  B.   

c.  cbhtacts  5  and  6  relay  FLS.  ■  -  :  , 

d.  contacts  2  and  3  of  relay  FLS. 

112.  (643)    When  connected  to  an  put-diai-to-connectpr  trunk,  what  indication  does 
the  operator  get  when  the  called  party  anisWers  (FO  12)? 

a.  Busy  lamp  lights. 

b .  Supervisory  lamp  lights  * 

c.  Line  lamp  is  extinguished.   .  ^ 

d.  ^^Supervisory  lamp  is  extinguished- 

The  hold  path  for  relay  OC  in  the  cord  circuit  (FO  12)  is  through 
;acts 


ID  and  2D  of  the  TALK  key.  c.     3  and  4  of  the  OC  relay, 

y    IC  and,  2C  of  the  TALK  kesy.  d.     3  and  4  of  the  MR  relay. 

(644)  Refer  to  foldbut  14.  The  initial  operate  path  for  relay  LR  in  the  XY 
convertible  line  circuit  when  used  as  an  LB  line  circuit  is  through  contacts 

I.  *   7  and  8  of  r^jj^  J^%.  -  ^*     ^  ^  of  relay  LR. 

b.     3  and  4  df^el^^  Caf**-^  *  d.     4, and  5  of  relay  CO. 

115,  (644)    What  rel^  prcn^-^^^^supprN^ion  on  a  local  battery  call  (FO  12^.. 

a.  CO.  ^^^^        '        *  c.  Rfi. 

b.  dC.  ^  d.  RLS. 

116.  (645)     if  contacts  1  and  2  of_RT  relay  in  the  Inspector *s_r  circuit 
*'     (FO  111  did  rwlptynake,  what  effect  would  it  have  on  the  Circuit? 

'S.     No  grounj^  on  the  -sleeve  to  keep  the  circuit  from  being  seized  by  two 
parties.'  ' 

e  reoairman  would  be  unable  to  release  the  circuit. 
rinSack  tone  when  the  repairman  hangs  up. 
d.     Ringing  on  one  side^^of  the  line  only. 

.   .  : .   '  ......  ........ 

(645)  Neither  bus,   ^amp  nor  incoming  line  lamp  (FO  1^)  illuminates  on  an  

incoming  call  from  an  LB  subscriber,  'ihe  ;^robaDle  cause  for  this  maifunction  is 
dirty  contacts 

a.  3  and  4  of  iR.  c.     1  and  2  of  LR . 

b.  5  ;and  6  of  LR.  .    d.    u  and  5  of  CO. 

118.     (645)     The  operator  (FO  12)  receives  ring-off  supervision  only  as  long  as  the 
hand  generator  is  turning.     Th«  cause  is 

a.  supervisory  lamp  burned  out.        c.     contacts  1  and  2  of  RHS  dirty. 

b.  contacts  2  and  3  of  RB  dirty.       d.     contacts  7  and  8  of  RLS  dirty. 

^ 
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119:     (646)    Which,  lamps  on  the  Xy  switch  alest  isist  h^ve  green  colored  jewels? 

a.     Speed:  c:  Ovierflow. 

i).     Release.  d.  Off-Normal. 

120.  (6U6)    Which  listed  test..set(s)  can  be  used  to  perform  an  operational  check  of 
the  pulsing  circuits  of  XY  selector  and  connector  equipment? 

a.  Test  handset;  c.     Circuit  plate  maintenance  test  set. 

b.  Pulsing  limits  test  set.  d.     All  of  the  above. 

121.  ^6U€r)    What  will  be  the  effect  on  the  current  of  a  switching  center  pulsing 
relay  circuit  when  the  pulsing  lirnits  test  set  SHDNT  switcli  is  operated? 

a.  DC  current  increases.       '      ^      c.    DC  current  decreases. 

b.  AC  durrent  increases.  d.     AC  current  chan'ge^^.  intermittently . 

122i     (S^Z2  .  §'"§  .^?§._^"*7 v.^.^??^^^?..^!}?."        STvitch  in  the  switch  train 

if  the  calling  party's"  number  is  found  in  switch  13. 

a.  Selector  switch  19.  c-     Connector  switch  13. 

b.  Selector  switch  20.  d.     Connector  switch  14.  -S^^ 

123.  (647)    Refer  to  figures  5-8  and  6-9  of  the  text.     Selector  5  is  stepped^X-2 
and  Y-3,     If  you  are  tracing  a'call  from  the  called  nvunber,  what  is  the  next  - 
switch  in  line?  V 

a^    Liriefinder  4  oh  shislf  C.  c.     Cbhhectbr  7  in  C-l-B. 

b. *  Linefinder  7  on  shelf  ^.  d.     Connector  1  in  C-l-B.: 

124.  (647)    Refer  to  figures  6-8  and  6-9  of  the  text.     Selector  5  is  stepped  X-2. 
and  Y-3.    What  is  the  next  switch  in  line  when  tracing  frpm  the  calling  number? 

a.  Linefinder     *on  shetf  C.  c.     Connector  7  in  C-l-B. 

b.  Linefinder  7  on  shelf  A.  d.     Connector  1  in  C-l-B. 
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Preface 

  I- 

WITH  THE  inclusion  of  the  AUTOVON  into  thc_ Air  Force  inventory,  worldwide 
direct  4istance  dialing  became  a  reality.  In  order  for  this  to  become  a  reality,  two 
thinp  were  ricccssary— Hcqiupmerit  to  interface  our  two-wire  system  to  the  four-wire 
system  and  cable  that  would  handle  it.  ^ 

In  this  volume  isoine  of  the  interface  circuitry  is  disclosed  witH  respect  to  circuit 
operation  and  mmntenahce  and  the  testing  and  maintenance  of  tlie  base  cable  plant 
to  handle  AUTOVON  and  other  quality  circuitt. 

There  arfc  IO;.scA^^inatic  Toldouts  included  with  this  volume.  These  foldouts  are 
printed  and  bbuhd  as  a  scpatSLit  inclbsiire. 

If  you  have  qiJuestio^nsX"  the  accuracy  or  currency  of  the  subject  matter  of  this  text, 
or  recbmmcnda^  improvement,  send  them  to  SAAS/TTOXU,  Sheppard 

AFB  TX  7631 1.  NOTE:  Do  hoi  use  the  suggestion  program  to  submit  corrections  for 
typographical  or  other  errors. 

If  you  have  questi^ohs  on  course  "cnrplimcnt  or  administration,  or  on  any  of  EGI's 
ihstriictiohal  aids  (Yjour  Key  to  Carcfer  Pcvclppmcnt,  Behavioral  Qbjccti^  Exercises,  * 
Volume  Review  Exercise,  and  Course  Exarnihalibh),  consult  youi^diicatioh  officer, 
training  officer,  or  NCO,  as  apprdpriatc.  If  he  can't  answer  your  questions,  send  them 
to  ECI,  Gonter  AFS  AL  36118,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance: 

This  vdlume  is  valued  at  30  hours  (10  points). 

Material  in  this  volume  is  technically  acciarate,  adequate,  and  current  as  of  Dec- 
ember 1978. 
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CHAPTER  1 


NOTE:  In  thb  Vj^uine)  |he  sub^^  deyelbped  by  «  swiw  of  Ldiniihg  Objectives.  Each  of  these 

carries  a  S-dipt  nmnbt^r  and  b  in  bddface  ty^.  Ejichiets  a  le«niine  goal  for  you.  The  text  that  follows  the 
biqectives  fives  ^bti  the  infbnnation  you  need  to  reach  that  goal.  Tbfgex^cises  following  the  information 
give  you  a  chjKk  on  your  acbfevraeht.  When  you  cbihplete  them,  see  if  your  ainwe^^mitcb  those  in  the  ^ 
back  of  this  volume.  If  ydar  rapoise  to  an  exercise  Js  incorrect,  review  t^c^objective  aiW  its  text. 


AUTOVON   Ihte^aee   Equipment  and 

Trunk  GirGuits 


YOU  Have  PRGBABLY  placed  a  Idng  distanetcall 
within  the  United  States  by  direct  dialing  through  a 
commercial  Iclephbra  sy^stcm.  This  is  a  fast,  easy  wa^ 
to  communicic.  The  Etepartment  of  Defense  (DOp) 
1**^  pthcr  Govcrhihcht  users  have  a  worldwide 
communicatiDns  nctAvorlt  in  which  a  subscriber  can 
obtain  an  interconnection  with  any  other  subscriber 
witlun  10  seconds.  This  worldwide  communications 
system- is  known  as  the  AUTOtmiic  VOicc  Artwork 
(AUTOVON).  The  network  is  di^jdedJnto  two^Jarts: 
(1)  the  comincmat  i/riitcd  Slates  >«/rOmatic  VChce 
A^ctwork  tCORUS  AUTOVON)  ind  (2)  Overseas 
AUTpVON.  CONUS  AUTOVQN  iticjudcs^all  of  the 
networks  within  the  North  Atncricati  Cohtihcht, 
except  Panama. 

Pnscrit  plans  call  for  approximately  ICK)  switching 
centers,  78  located  in  the  United  States,  Canada^  and 
Alaska,  and  22  locations  in  oversea  areas:  eentefS^m — 

J^J^il"^^  ^I'c   owned   and   operated  by 

commercial    companies.    Th^  Gdvcrnmcht  '  leases 
,  service  oh  a  linc-bx^Unc  basis.  The  oversea  portion  of 
AUTOVON    is    generally  Govcrhmcnt-owncd 
facilities.. 

i  T^^^fchsc  Comrhunication  Agency  (DC A)  is 
responsibic  for  overall  policy  arid  manage rnc hi  of  the 
program.  DCA  performs  day-to-day  management 
supefwibri  of  the  trunks  fetween  switches  which 
arc  the  bacjc^bonc  of  the  network.  The  rriilitary 
dcpartmch|s— Army,  Navy,  and  Air  Force— arc 
'''?P^'^*^'^^*^r  Q^^^''""^cnt-owricd  plant  and. 
terminal  (lacLlitics  and  for  determining  their 
rcquircmerits  for  AUTOVON  services,  including 
access  and  subscriber  lines. 


__  It  is  however,  necessary  to  know  something  about 
.^^^'"^    ^>^^^"^  _J^?_  Jl'*b^ly   maintain  and 
troublcstfoot  the  interface  equipment: 


1-1.  Interface  Equipment  betcription 

The  portion  of  this  s>^tem  that  you  arc  most 
conccrried  with  is  the  iritcrfacc  equipment  .between 
your  central  office  arid  one  of  the  AUTOVON 
switches  (comr^nly  refer^pd  to  as  the  "switch") 


SQO^  Concerning  the  service  avcilaMe  from 
AUTOVON,  hjune  siiid  define  the  ^yp^^nd  give  the 
meaning  DTMF,  the  iMximiuh  \iitunber  of 
pra:eclen_ce  feveis  a  four-wire  stibscribe-  obtain, 
and  the  D6A  operitdrs*  ftihctibiK.  ] 

^r vices  Available  From  AUTOVON.  AUTOVON 
is  intended  to  offer  tte  fqllowirig  services  to  its 
worldwide  users  and  subscribers: 

(U  User  (norrnal)  service  provides  the  capability 
for  users  to  caU  other  users  ori  a  worldwide  basis.  Two 
types  of  service  are  available.  The  first  enables  users 
'^^.^L^  4^'r^Aj?yjP^^  arid  accomplish  a  direct 
connection.  Second,  particularity  those  through 
limited  trunkirig  facilities,  will  be  placed  through 
operators. 

(2)  Four-wire  service  subscribers  are  provided 
direct  access  to  bhe  or  more  AUTOVON  switching 
centos.  This  equipment  may  be  a  sirigle  or  rimltiline 
telephone  instrument,  Signaling  from  faur-wire 
subiscribcrs  is  dri  a  dual  tbrie  rriultifrequency  (DTMF) 
basis.  PTMF  fc  _a  signaling  method  cmployirig  set 
cbmbiriatioris  of^  two  specific  frequencies.  One 
frequency  is  selected  ^JSn  a  group  of  four  low 
frequencies  and  the  ot herrrom  a  group  of  four  high 
^L^4*^"c>cs.  Fdiir-wire  subscribers  are  provided  with 
up  to  five  levels  of'call  precedence.  Precedence  is  a 
rank  assigned  to  indicate  the  depee  of  preference  to 

S^Y^PJ^  PT9^^  calls.  A  four-wire  subscriber 
nnay  employ  any  level  of  precedence  dtfs'ircd.  Up  to 
arid  including  his  highest  authorized  ievel.  ' 

(3)  "Off-h0d*^*'  services  (hdt  lines)  are  provided 
throi^ft^Ci[C.  AUTOVON  An  **off-hook"  subscriber, 
^Pbfl  Hfting  the  handset  of  his  telephone,  will 
immediately  be  connected  through  the  network  to  a 
predesigned  subscriber.  A  separate  instrument  (or  one 
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that  hi^  a  spcci al  ci rc u i t  ad ded  to  t  he  i rist r u me  ht )  is 
provided  for  each  **off-hook"  sabscribcr: 

(4)  Special- pur pc^e  operations  are  accommodated 
by^  AUTOyON^  Gatcgbry  I  allows  sutecnbers  to 
employ  abbreviated  Jceying  to  certain  other 
dttignatcd  subscribers.  Their  instruments  also  give 
normal  AUTOVON  fqUr^  ^TOcc^  Category  2 
provides  special  treatment  to  subscribers  within  a 
com  mil  hit  y  of  interest  over  AUTO  VON  general- 
's purpose  facilities.  AH  members  of  a  comtiiunity  of 
interest  are  capable  of  exercising  a  level  of  precedence 
within  their  community,  higher  than  that  permitted 
them  on  the  world  AUTOVON. 
_  (5)  Conferences  can  be  either  random,  or  preset 
Random  cohfcrehas,  which  can  iviudc 
AUTOVON  subscriber  or  iser,  may  ^jpW^^Hshed 
>yith  precedence  levels  through  a  dial  service  assist 
( D  S  A  j  o  jjc  r  at  or  ^  Prcfct  cohere  rices  may  be 
established  by  i^cying  specified  digits: 

(6)  PSA  operators  arc  provided  at  scpjcQlcd 
AUTOVON  locations.  These  operjitors  Pf^l^^^ 
information  assistance,  establish -conferences,  aixi 
place  precedence  calls  for  AUTOVON  users  who 
oLnnDt  place  sjich  calls  directly:  Tte^  also  prptscide 
manual  service  through  facilities  /$ich  ay  hig 
frequency  radio  links  where  the  quality 
considered  adequate  fox  automatic  switching. 

Exercises  (800): 

I .  Name  and  defiiKr  the  two  types  of  service  available 
to  the  AUTOVON  subscriber.  * 


2.  What  do  the  letters  DTMF  stand  for? 


3:  What  » tiie  maximum  number  of  precedence  levels 
that  a  four-wirc  telephone*  subscriber  may  be 
provided? 


( private  brariclj 
connections  to 
Up  to  four  dataj 
cdnnc^ed  in  tartde 
terhfrinai  facilitii 
four-wire^  telephol 
spccial  tbhsbtes^  fbi^onifriarid^; 
as    NG^AD   iNckth  Am<i 
ommand)    and    Pfi^s  >rai<i 
ijdrity  of  users.  Wlfert/^nwi 
d  the  AUTO  VON  ^iwitchcs 
^uipmeht  must  be  installed  in  the  PB? 

Networks.  AUTOVON  subscribers  and 
access  to  subscribers  served  by  other 
^^J^?^!*^-  cojlA^ctibrif^^^a 
trunks  between  the  various  switching  'systc^ 
routing  digit,  provided  jn'^he  nun^ring  plan^  is  used 
to  process  calls  through  tte  nctw<^|^and  will  permit 
automatic  crossoverJbctwecn  networks.  A  network 
CO  hsi  sts  of  t  he  A  U  TO  VON  s  wit  c  hi  n^  cc  nte  rs ,  t  he 
trunks  connecting  one  AUTOVON  switch  to  another, 
andlhe  trunks  connecting  central  offices  (PBXs)  to  an 
AUTOVON  switch;  all  within  brie  geb^raphic 
location;  for  example,  Europe,  Pacific^  or  CONUS. 
Four-Wre  Instruments.  Many  different  types  of 
ribcri  cquijjmerit  may  be^  Used  at  A  UjqvqN 
statloi^,  but  we  will  discuss  only  the_basic  four-wire 
instrument  (telephone),  shown  by  figure  I- 1.  The 
basic  iiistjUiTKnt  includes  a  telcphdne  handse)t, 
DTMF  key  gulsifig  equipment  with  i5  or  16  keys,  a 
hook  switch,  a  tone  rigger,  and  circuitry  necessary  to 
perform  the  required  functioris.  In  figure  l-2Wbok  at 
the  block  iabcied  **Keyset  and  Oscillator.'*  Each  four- 
wi  re  ihstriimcrit  has  a  built-i  h  DT  MF  o^itlatpr . 

The  DTMF  oscillator  provides  a  group  of  four  iow 
frequencies  and  aGROUPoffbur  high  frequencies 
for  signaliiig;  see  figure  1-3.  The  low  freqtlbncies  arc 
6917,1 770,  852,  and  941  Hz^  The  high  frequencies  arc 
1,209,  1,336,  1,477.  and  1,633;  nbte  that  eachi4igit  is' 
represented  by  a  tone-pair;  this  makcs\for  faster 
keying  (dialing).  It  takes  no  longer  to  signalijliie  di:git  9 


4.  What  arc  the     actions  of  the  DSA  operators? 


801.  Give  the  j)urp<Me  and  selected 
A  UTO  Va  N  tr amntission  and  terminaJ  facilities, 
networks,  four-wire  initruihents,  and  niiyor  interface 
equipment  components. 

Traismission  and  Terniinai  Fadlitiei:  Because  of 
the  long  distances  spannedR$y  AUTOVON  — 12,000  to 
15,000  miles— transmission  facilities  must  cbhfbrm  to 
the  highest  technical  standards:  AUTOVON  is 
designed  for  interconnection  of  up  to  seven  voice 
grade  trunks  in  tandem;  therefore,  network 
transmission  facilities  are  four-wire  except  at  PBXs 


F  igure  I  I    Four-^irc  irvstrumcnt 


^  r-  o 


/ 


Receive 


_{2  Wires) 
To 

Four-Wire 
Circuit 

i 

Transmit 


(2  Wires) 


Hook 
Switch 


Electronic 
Ringer 


induction 
ebti 


Sidetone 
Pad 


Cdmpen- 

satipn^ 

eircutt 


Handset 


Keyset 

and 
Oscillator 


Figure  1-2.  Four-wire  subMi.  functional  block  diagram. 


< 


than  tt  does  the  digit  1  when  two  tones  are  used  for 
each  digit.  _  i  _: 

Look  Again  at  the  keys  shown  in  figure  l-f;jhe  A 
key  is  mwi  to  indicate  **cnd  of  address"  when  an 
abbrevi^iy^  address  (numjfcr)  is  fccyed  /,  arid 

f  keys  arc  used  to  indicate  th^  precedence  of  the 
originating  call.  The  precede  nceovys  xhay  be  arranged 
either  in  a  horizontal  or  in  a yenrcalgroup.  The  order 
from  left  to  right  (or  top  to  bx^tojn)  is  FO,  F,    and  P. 

Precedence  levels,  designated  za-b  through  four, 
arc  required  with  service  preference  according  <d* 
rank.  Ercccdencx  level  four  is  used  for  normal  routine 
calls,  Precedence  level  zero  Is  the  highest  ranking 
precedence: 

f"  Number  Precedence  Level 


Flash  byprride 

Flash  

linrTicdiatiC 
prior  iiy  , 
Routine 


Each  four-wire  subscriber  may  use  any  pfecedchbc 
op  to,  and  [ncluding,  the  highest  authorized  for  him. 
The  pr«:cdcncc  level  of  a  call  is  normally  determined 

the  caller,  If  a  subscriber  attempt^  a  h^^ 
precedence  than  that  to  which  he  is  authorized,  the 
call  IS  routed  to  a  recorded  announcement. 


Miior  Interface  Eqidpmcnt  Compbheiits.  Since  all 
AUTO^VQTs[  awtss  lines  arc  f  d&r- wire,  two-wire  users 
may  be  connected  into  AUlOVCSN  only  as^  part  of 
another  system,  such  as  a  PBX.  By  lis^i  a  four-wire 
^^^i^^^iJ^D  P^l^  wc  separate  our  tra netting  from 
their  traxsmitting  iour  receiving.  This^ves  us  less 
noise  and  echo,  as  losses  can  be  ihsoted  iirtb  the  lln^ 
to  compeiKate  arsd  al[ow  for  one-way  amplification. 
ln_irda-  to  "interface"  (interconnect)  tte  two-wire 
PBX  _w jth  the  fbur-w^  switching 
center,  a  rack  of  interface  equipment  is  installed  in  the 
PBX. 

The  equipment  is  rack  mounted;  but  the  physical 
location  and  arrangement  of  the  equipment  may  vary 
from  one  ccntrafdfficc  to  another  ■■■ 

Each  tr|ink  requires  a  two-wire/ four-wire  think 
circuit ;  i . €. ,  a n  ^ F  ( si  n^l c  f rcq  lie  ric y)  s i gna  1  i h|  set 
which  com^erts  pulse  signals  in  the  two-wire  system 
(your  central  ofTicc)  to  tone  jsignals  in  the  four-wire 
system  and  vice  versa.  A  telephone  rc^  which 
consists  of  a  votce-freqtiency  line  amplifier  and  a 
terrhi hating  unit  (hybrid  coil)  is  also  necessary  for 
each  trunk.  The  telephone  repeater  amplifies  voice 
signals  to  the  desired  level  (specified  by  DCA)  for 
prbper  transmisstbn  and  matches  terminating 
impedances  of  the  two-wire/ four- wire  lines:  It  is 
normally  mounted  beside  the  SF  unit  for  the  same 
circuit.  ' 
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Four-Wire  Subset  Oscillator  Tone  Pairs 


PUSHBUTTON  KEY 


TONE  PAffiS  (HZ) 


ADDRESS  KEYSET 


n 

.    .                                ^     697  +  1209  y 

697  +  1336 

3 

,    697--*  ^477 

4 

j  ---- 
/                              ,    770  +  1209 

5 

770^Si^336 

6 

5    -  

770  +  1477 

7  ■ 

_   852  +  1209 

•  8 

852  +  1336 

^  9 

852  +  1477 

d  ^ 

941 _+  1336 

A 

941  +  1477 

(Not  Used) 

941  +  1209 

PRIORITY  i^YSET 

FO 

697  +  1633 

770  +1633 

^^^^ 

852  +  1633 

941+1633 

Figure  1-3.  Four-wire  subset  oscillator  lone  pairs. 
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There  is  also  a^SSje^board  appliqiie^ 
converts  address  sigiais  used  in  the  local  exchange  lo 
loop  pulsing  needed  by  the  iwo-wirc/ four- wire  irunic 
circuit  (pfteii  referred  lb  as  the  trunk  or  interface^ 
irunic):  A  precise  tone  supply  circuit  is  provided  to' 
work  in  conjunction  with  the  switchboard  applique 
circuit.  It  JerStratcs  the  signaling  tones  that  permit  the 
operator  to  dial  precedence  calls. 

About  all  that  is  left  is  the  test  circjoiis,  bf^^^^ 
there  arc  three:  (1)  the  noise  and  balance  test  line,  (2) 
the  loop  around  test  line,  and  (3)  the  reverse^ battery 
test  line.  These  circuits  pcrrhit  AUTOVON  sw^^ 
personnel^  to  test  sete^^d  functiore  of  the  interface 
withoii  the  help  oTyouT  people. 

Exereses  (801): 

L  What  is  the  npximoni  number  of  voice  grade 
ciTCuits^  interconnected  in  -  tandem,  the 
AUTO  VON  system  is  designed  for? 


2:  What  does  an  AUTOVON  network  consist^f? 


3.  What  is  the  purpose  of  the  FO,  F,  I,  and  P  keys  on 
the  four-wire  instrument? 


4.  What  happens  if  a  four-wire  subscriber  attempts  to 
use  a  precedence  level  higher  than  he  is  authorize^? 


6'  Ideritlf.v.aj^H  relate  the  purpose  of  fUiKtidn  J5f 
selected  yvMoVON  interface  equipment  and 
equipment  cbhfiguriitioh  and  bperatibh. 

Equipment  Conflguriitibn.  Fbldout  1  ([in  separate 
indbsure)  shbw^  hbw  the  major  components  of  the 
interface  cquipracnt  tie  the  local  exchange  equipment 
to  the  AUTOVON  systerh.  L<>cal  subscribers  can 
access  the  interface  trunk  circuit  from  the  banks  of 
through  or  local  fi(;5t  selectors  and .  from  the 
attendant's  cabinei  foMcmigom^  On  incoming 

calls,  the  calhng  party  c^n  call  into  the  attcndafit^ 
cabinet  for  operator  assmtance.  or  he  can  dial  the 
riumbcr  bf  the  loca]  subscrihcr  through  the  incoming 
selector  and  connector.      ^  J 

While  Strowger  and  XY  trunk  circiiits  use^two-wirc 
trunks  for  dialing,  transmitting  and  receiving,  and 
supervision  between  offices,  AUTOVON  uses  a  four- 
wire  trunk  between  offices.  From  tte  intetfacc  tru 
circuit  we  have  a  two-wire  connefl|ion  to  the  two- 
wire/ four-wire  terminating  unit  (hSrid)  that  is  used  " 
for  ^ur  transmission  path.  We  also  have  a  two-wire 


corihectibri  to  the  SF  signaling  set:  these  wires  are  our 
E  and  M  leads  and  are  used  for  addressing  (dialing  or 
tone)  and  for  supervisioii.  _  

When  we  speak  of  supervision,  we  are  talldng  about 
whether  the  trijnk  is  idle  or  in  use. 

Ybu  may  have  noticed  that  we  have  two  wires 
between  the  trunk  circuit  and  the  hybrid  and  four 
wires  frdBfi  the  hybrid  throughout  the  rest  of  the 
circuit_  to  the  AUTOVON  access;  this  is  oar 
transmissi^  path.  ^ 

Again,  the  physical  interface  equipment  may  be 
arranged  differently  in  the  central  offices  you  are 
'  assigned  tel.  Physical  location  of  equipment  or  its 
^rtangcmcnt  riormally  depends  upon  the  amount  of 
cquipmcrit  jnstalicd  and  its  placement  for  case  in 
maintenance.   

Trunk  circuit.  This  circuit  was  designed  for  Use  as  a 
'  two- wire  interface  between  a  PABX  (private 
automatic  branch  exchange — a  term  used  by  the 
AutbmaU^ic    Elec  and    an  AUTOVON 

switching  center.  The  circuit  provides  a  means  of 
completing  iricbrhing  and  outgbihg  routine  and 
'precedence  level  calls. 

Networic  inward- dialing  (NID)  calls  are  established 
between  the  AUTOVON  calling  p^y  and  tte  PABX 
called  pany  without  the  assistance  of  the  PABX 
attendant.  The  iricomirig  call  is  processed  to  the 
PABX  called  station  through  ah  iiicorning  selector: 

Network  outward  dialing  (JSIODj  caljs^  arc 
esiablishcd  bctvyccn  the  PABX  calling  part^  and  the 
AUtOV^b>5  cal]cd4)arty  without  the  asistance  of  the 
PABX  attendant.  The  outgomg  call  is  prbccssed  to 
AUTOVON  through  a  trunk  ffpm  a  first  scl(^^^^ 

Prcccdcrice  alerting  and  preempt  signals  from  the 
distant  AUTOVON  switching  center  arc  detected  by 
t h e  t w CK wi r e  /  fo U r-wi rCj ci rc uit ,  t h us  a ny  cajl  may  be 
preempted:  A,  precedence  network  jna'ard  dialed 
(PNID)  call  from  AUTOVON  to  a  PABj^station  that 
is  busy  br  which  docs  not  answer  within  12  seconds 
will  be  diverted  to  the  attendant's  cabinet.  The 
p recede ric c  a n s we r  lam p  itfjl^as  \^  at  IP M , 
sigtialing  the  attendant  that •jjHffidi  is.^n  incoming 
priority  diversion  call.  The  PAWC  attendant  can  then 
preempt  aa^  routine  call  in  the  two- wire/ four- wire 
circuit: 

SF  sigmlihg  uhit.  Single  frequency  signaling  units 
are  rcquircdjwith_camcr,  radio  signaling*  or  over  Ibng; 
wire  lobF«.  The  SF  signaling  unit  is  a  cony)lc^c,  self- 
contained  2,600-Hz  in-band  signaling  system  The 
term  in-band  refers  to  the  voice  frequency  band  of  400 
to  3,400  Hz. 

One  pprpose  of  the^,600-Hz  tone  is  JO  mark  the  ^ 
interoffice  (between  offices)  trunks  idle.  The  tone  is  a 
reliability  factors  If  at  any  time  an  idle  trunk  becomes 
disabled,  the  tone  stops,  bringing  in  an  alarm,  telling 
rhaintcnance  personnel  there  is-a  trbUblc.  

The  SF  signaling  unit  is  a  compact  key  telephone 
unit  (KTU)  tvpr  module  consisting  of  a  voice- 
frequency  bsc;  or  drawer  and  control  Unit  drawer 
shown  in  figui  c  i  -4.  1  csi  jacks  on  the  front  panel  are 
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Figure  1-4:  SF  signaling  unit. 


prdvideij  for  mbhitoring  the  operating  signal  and 
voltage  levds.  _/_    _  _ 

Ariothcr  purpose  of/the  2,600-Hztone  is  to  transmit 
supcryisioh  in  botl/ direct ibm  over  the  four- wire 
ihtero^ce  trtink  faciUties.  Remember  that  the  2,600- 
Hz  tone  denoto  an  idle  trunk. 

With  the  iocai  terminai  in  the  idle  (on-hook) 
condition,  the  M-lead  is  at  ground  p<^ehtial  and  the 
^9**  ^c^J^^rJi^  SF  signal  unit  places  a  2«600*Hz 
tone  on  the  trammit  line,  shown  in  figin-e  IprS.  When 
the  local  terminal  handset  b  lifted  (off-hdqk), 
iiegative48  volts  is  applied  to  the  M-iead  and  the  tone 
osctliator  turm  :off,  removing  the  idle  line  condition. 

With  the  far  Jeraunai  m  the  dn^bqk  condition, J  he 
2,600- Hz'tone  comes  in  on  the  i}*ceive line  of  the  local 
terinihal.  Under  this,  condition,  the  E-lead  is  open. 
With  the  far  tcrtninal  in  the  off-hook  condition,  thfcre 
is  ground  on  the  E-lead  and  no  tone  on  the  receive 
pair. 

Supcryisiort"has  two  STATES^  1)  "off-hook"  and 
(2)  '*on-hook,''  "both  shown  below: 


"■'JM  r-        '  (From  SF  Unit) 

______ 

Qn-h^'K  (Tone)        '  Open 
Olf-'hook  (Vo  Tgnef  ;^^- Ground 


M-Leati 
(From  J'Wir'e/ 
^-wire  Trunk) 


Ground 
-48  Volts 


Both  the  bff-hbbk  and  thc  oib-hook  signals  arc 
f^^r?!^4  jo  L^_:*supcrvisibh."  They  arc  the  twb 
supervisory  signaling  conditioiB  of  an  interswitch 
-trunk,  a  subscriber  line,  or  a  PBX  access  line, 
i  Look  at  figure  1-5  and  locate  the  fbur-wire  terminal 
{equipment.  /With  the  handset  of  the  four-wire 
lejephbhe  in  the  cradle,  the  supervisory  state  is  on- 
hook:  The  E-iead  is  open,  and  the  M-lcad  is 
grounded;  trace  the  leads  on_  figure.  1-5.  In  this 
9^'l^illP"'_^^_c  unit  sends  a  2,600- Hz  tone  bn  the 
transmit  pair  to  mark  the  trunk  idle-to  the  490L 
switch.  ^ 

W  he h  t  he  ha  ridsct  of  t  he  f 3ur- wi  re,  te lep h b he  is 
fifted,  the  ^pcrvisory  state  is  off-hook,  and  the  M- 
Icad  potent?^  is  negative  48  volts.  The  SF  signal  unit 
5*^"*  ^'^y^^Y^  Jl**^  2,600- the  transmit 
pair,  which  indicates  to  the  AUTOVON  switch  a 
demand  fbr  service.  Dial  tone  would  then  be  sent  to 
the  subscriber^  , 

On  Wn  incoming  call  (a  distant  off-hook  condition) 
fo  tfe.  four- wire  tefephohe,  the  E-jead  will  have  a 
ground  sent  from  ihe  SF  si^mi  unit  to  the  tine 
adapter.  This  causes  the  line  adapter  to  send  a  signal 
tone  to  the  t^nc  ringer  in  the  four- wire  telephone, 
which  is  in  an  on-hook  condition: 

Remember,  the  far  eijd  supervisory  cbhditioh  is 
reflected  by  the  E-lcad,  while  the  near  end  supervisory 
condition  is  reflected  by  the  M-lead. 


Routine  incoming  caHs^to  a  PBX  wiii  use  a  normal 
bn-hbbk  seizure  signal.  Ringing  signals  to  the  PBX 
will  be  the  normal  PBX  ringing  when  the  connection 
is  completed  at  fhe  PBX. 

Twb  varieties  of  signaling  are  used  for  transmitting 
addr«s  information  to  the  AUTOyON  switch.  Thus, 
both  four-wire  subscribers. ^nd  PBX  attendant^  at 
P^ccdcncc  ppsjttbns Use  DT M F  signaling,  whereas 
PBX  users  use  dial  pulsing:  Examples  of  both  types  of 
addre^es  follow.  '  - 

When  the  fpur'wire  suhscnper  g^s  off^hook,  a 
supervisory  iigttal  is  sent  to  the  switching  equipment 
dcmSnding  service,  as  shown  in  figure  j -5.  The 
hbbkjwitch  closes  a  circuit  to  the  adapter  circuit 
which  replaces^ound  :with  negative  48  vblts  bn  the 
M-lcad  to  tfe  SF  unit.  T>e  SF  unit  now  removes  the 
idle  line  ^600-Hz  tone  from  the  transmit  pair  of  the 
trunk.  After  dial  tone  is  heard,  addressing  is 
accbmplished  by  thc  operation  of ^IS^DTMF  keys:  A 
common  switch  in  the  instrument  disables  the 
transmitter  during  the.  addrcss-kcyihg  >tf|)cration. 
Individual  ^cy  contacts  select  thc"prop#  A€  tone- 
pair  corresponding  to  the  digit  key  operated  in  the 
keyset.  Th«e  distinct  frequeik:y  combustions  are 
sent  Over  the  transmission  facilities  to  the  switching 
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center  pTMF  receiver  for  digital  (numbers  0  to  9)  , 
recognition.  The  subscriber  will  hear  tfe  tope  sent  oufr'''^ 
by  each  key.  ; 

The  two- wire  subscriber  goes  of t-n^k  closing  a 
loop  to  a  selector,  receives  <li|J_tbj*e,  and  tten  dials^; 
refer  to  foldout  1  (fotindJn  a  separate  gnclosure): 
After  accessing  the  AUTOyON  equipment.  iSfe 
subscriber  dials  the  AUTO  VON  address.  The  dial 
opens  and  closes  the  loop  to  the  twq-wir«7iour-viriL 
trunks  which  applies  and  removes  hegatT'^e  48  v pits  oh 
the  NWead^shown  in  figure  i-5:  The  SF  signalif^  unit 
converts  th^  DC  signal^  received  on  the  M-iead  into 
2,6(X)  Hz  tone- on /tone-off  signals  in  AStirc  I- 

6.  The  amplified  tone  b&rsts  are  sent  to  the  switching 
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Figure  1-6.  Dialed  pulses  from  twj 


equipment.  Figure  1-6  shows  that  the  digit  3  was 
dialwi.r  &  %i> 

Wheff  the  Jwi>wire  ^bscriber  receives  a  call,  the 
SF  signal  unit  receives  2,600-Hz  tone- on /tone-off 
signals.  These  are  converted  to  interrupted  grbttrid 
ptil^es  on  the  E-Icad. 

£-  and  M*iead  si paling  may  be  summarized  as  an 
arrangement   whereby  cqmm 
trunk  circuit  and  a  se;parate  unit  is  accomplished  over 
two  leads:  The  M-lcad  trahsATits  battery  or  ^ouhd 
signals  tq^^  sig^^aling^  ^^PH^^P^^ 
rec£ive&  open  or  ground  signals  from  the  signal  unit. 

-     ■  ;  -        -  '  --  -s3-  -       _  - 

Preetifiptibh   is  accomplished   at  the  switching 

center  by  sending  a  measured  supervisory  signal  pulse 

toward   botj?  th?  calling  and  called  lines.  The 

ft  per  visbry  pul^  s  arc  recognized  at  cac  h  swit  c  hi  ng 

center,  causing  disconnect  of  the  intermediate  trunk* 

drcuits  and  the  line  circuits  at  each  end.  Following 

dr(^t  release,  the  j)recmpt  tbi1||^bf  ^0  +  "620  Hz 

from  the  precise  tone  supply  is  applied  taeach  end- 

^bscribcr  from  the  line  or  trunk  circuits.  The  tone  is 

maintained  until  a  disconnect  sigtial  is  returned  to  the« 

switching  center.  The  trunk  or  line  whicft  was  selected 

for  preemption  is  now  reused  to  serve  the  waiting 

preoe^dence  call. 


5?)H 

The  recall  signal  is  used  to  recali  the  DSA  bpcFator 
^^c"  An_  out  going  call  has  been  placed  through  the 
DSA  switchboard^Thc  signal  may  be^herated  either 
of  two  ways:  One  four-wire  subscri^r  or  a  PBX 
user  may  de|)ress  the  hobkswitcli  for  BOG^^ 
(millisecond)  upjo  2  seconds.  The  btjicj-^va /PBX 
attendaht  may  operate  and  release  the  cord  fing  key; 
The  trunk  circuit  win  send  a  300-ms  oh-hook  signal  to 
AUTOVON  after  the  key  is  released.  A UTOVON 
corlvcrts  tfe  signal  for  retransmissio'S  to  the  Q^A 
switchboard: 

Telephone  repeater.  The  repeater,  showrt  in  f^ujrc 
j'^^f  typists  of  a  plug-in  amplifier  drawer  and  aplugT 
in  terminating  set.  The  terminating  set  is  a  two- 
wire/ four-wire  terminating  urat,  while  the  amplifier 
portion  is  a  voice-frcquehcy  linMmplifier.  This  unit  is 
used  both  for  four-wire  DTMF  circuits  and  two- 
wire,  tour- wire  trunk  circuits.  When  used  with  four- 
^*'*^l"?^^^'^^"t^,  the  tem^  not  required, 

and  the  space  is  covered  with  a  blank  panel. 
_  line  amplifier  rebuilds  signal  strength  to 

insure  proper  transmil  and  receive  levels  on  four-wire 
transmission  facilities. 


HC-046 


Figure  1-7.  Telephone  repeater. 


The  two-wire/ four-wire  terminating  anil  provides 
6()0-ohrn  tcrmihajio  arid  receive 

circuits  of  both  the  four-wire  iraasmissidn  path  and 
twcHwire  trarisniissiori  path.  The  terminating  set 
contains  adjustable  hybnd  bala^^  and  impcdence 
compensation  networks  which  provide  proper 
balance  and  equahzatibri'  of  transmit  a nd_  receive 
levels  on  tfe  four-wire  arid  two-wire  circuit.  The  twcH 
wire/four-wire    terminating    unit*   thus  provides 

-  terjmnatibri  and  impckicn  of  the  two-wire 

send-receive    of    the    PBX    arid    the  four-wire 
transqaission  facility.  ,r 

Foreign  npplique.  There  are  yarioos  combinations 
of  foreign  Applique  assem biles  that  adapt  the  basic 

-^wo-wire;        -wire    trunk    circuit    to  foreign 
equipment. 

The  purpose  of  these  assemblies  is  topt 
loop  pulsing  as  required  by  the  two-wire/ four-wire 
^rj^nk.  The  trunk  then  converts  this  pulsing  to  E  and 
M  signaling  as  required  by  AUTOVON  switching 
equipment.  _        ''^  "* 

.  T^*^'  ^H^^f^JPh  The  rc-yejse  battery  teslii ne  ci^it, 
end  office  loop  around  test  circuit,  ^rid^^i^isS i.and 
balance  test  line  circuS;  shown  in  foidout'j^Jr^de 
terminaiion  at  the_PB)(  for  making  trar^i^^ 
on  the  trunl^  fro«%^trrbVdN.  The^\DTOVON 
switch  can  access  a  rid,  test  the  functions  ^f  the 
interface  equipmem  wit hb^^^  the  assistance  of  the 
PBX  maintenancq;ipersonncl._ 

T^e^esU^^^^^^^^^i'i''  asY6l'do^J?tfews,  permits 
patching  into  the  interface  equipmfi^^)y  the  PBX 
^^l^ndarij,  fo^  of  the  equipment  or  for 

rerotjting  around  a  piece  of  equipment  which  is 
maJfurictioriing.  .  ' 

.  _.:   ,  _  ..  '■  -v.^.J.-- 

Switchboard  Applfqqe.  The  pvirJkKe  of  the 
applique  is  to  modify  the  switchiBi>ard  cgcirits  sathat 

We  now  cover  the  chang^  required  at  a  twb-wirc 
switchboard  p<»itiori  to  make  it  operational  with- 
^'^/f^^^PN^  X^f^J^  trurik  and 

lariip  arrangements  for  PABX   access   lines  and 
mbdificatirbte  for  aperatibri  with  a^DTMF  keyset. 

Face  ega^fne^.  The  PABX  subscnbe^^  rib 
means  of  generating  precedcficc^caiis  and  most  jilace 
aiyjreccderice  cail<  ihrbugh  the  PABX  attendant  The 
lamp  and  jack  arrangement  used  on^  the  face  of  the 
switchboard  determines  the  type  of_trunic  circuit 
selected  for  thc^ccess  lirte  tb  AUTOVON,  For 
instance,  a  two^ire  switchboard  trunk  circuit 
withbut  preemptibrf 'features  requires  one  jack  and 
two  lamps,  A%unk  circuit  with  precmgiori  detectibn 
requires  two  jacks  and  four  larnps,  as  shown  in  figure 
1-8,  feadirig  down  from 

_  DTMF  keyset.  The  DTMF  keyset,  shown  in  fig,  I- 
9,  is  used  to  modjfy  the  position  circuit  of  the 
attendant*s  cabinet  for  jireccderice  callirig.  The  tone 
pair  frequencies  transmitted  for  each  pushbutton 
(^ey)  bpHsration  are  the  same  frequencies  as  those 
shown  in  figiffe  1-3; 
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'PAD  CONTROL  BUTTpN  : 


Figure  i-8.  Face  of  PBX  SWBD  with  preemption  deieclion: 


For  case  of  operation  the  DTMF  keyset  is  ribrmally 
ihstflped  in  a  convenient  ideation  on  the  switchboard 
keysheif:  the  attendant  may  make  an  AUTOVON 
call  by  using  the  dial,  but  the  kcyict  must  be^  if  a 
pliecedenbe  call  is  made:  The  modifications  at  the 
attendant's  cabinet,  the  switchboard  af^pliqiK,  and  the 
two-wireifoiir-vyire  trunk  rnakc  it  pasiblc  for  NID, 
Npb»  jWlb.  and  SWBD  preccdejicc  outgoing  calls 
to  be  mioe. 


Fotarxty  reversvii  cirirHte  The  polarity  reversal 
arcuil  repeats  the  ansvyer  lamp  arid  busy  l|m>^ 
signals  (AL  and  JBL)  from  the  trunk  circuits  la  the 
Ikmps. .  mounted  in  tbe^  attcndaril's  switchSc«|td  i 

multiple.  ._'    ^1 

*  T^__P<3Wiy  reversal  contains  two  busy  toipp. 
jfixiBary  relays  and  two  answer  lamp  auxiliaj^  wtoj^. 
Each  auxUiary,  relay  is  wircdj^  when  ground 

is  applied  on  the  correspbndra^  lamp  control  fcad, 
Each  auxiliary  rplay,  when  operated,  aijplicsjprou^ 
.or   battery  |as  dctcrthincd   by  Optional  wiring 
;|ccqrding  to  PABX  design)  to  the  Jamp  control  leads 


serving- lam|3s  mounted  ^^ri  the  PAB?^>ttcndani's 
switchboard.  * 

ExCTcises  (802):  ■^i 
f.  What  determines  the  "physicifl  location  of  the 
interface  equipment? 

"    ■ -ii    -        '  --t 

<v  -       -  .  - 

2.  What  is  an  SF  unit  and  what  are  its  purposes? 


3.  What  eqjiiipmcni  is  connected  to  either  side  of  the 
SF  signaling  unit? 


Figure  1-9:  DTMF  keyset. 
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4.  What  is  the  function  of  the  SF  anit? 


(1)  Biuic  tfUhk  circuity  figure  lA,  fold^ 
.  iZ)  Precedence  in  dialing  control  drcuiRl 
foldoul  3. 

{3)  Transfer  to  attendant,  figure  7A^  foldbut  3. 
(4)  Pad  control  circuit,  figure  6A,  foldout  3: 

Table  B  of  folddui  3  shows  figures  that 

can  be  us«J  to  adapt  the  PABX  switchboard  lb  the 
teiic  trunk  drcuit  We  will  only  itudy  figure  3,A, 
'holdout  3)  for  universal  cord  circuit.  Figures  4A  and 
5A,  whjch  w^UId  normaily  be  included  in  foldout  3, 

   —  .  r   omitted  from  it  to  simplify  the  drawihs 

pnnied  a*  separate  e^^^^^  j^^  precedence  in  dialing  control  circdt  a^^^^ 

a  two-w^y  mterface  between  a  PABX  and  an  ^    ^    ^  -^-^    -  -      ©  wu^iui,  diso 

AUTOVON  swilchihi  (»hlcr^ 


5.  What  is  the  parp(»c  of  the  fordgn  applique? 

1-2.  bp^ration  of  jiit«rfa«  frank  CirraiU 

The  basic  trunk  circuit  (fig:  t,A  on  foldout  2 


The  circuit  provides  a  meara  of  completing 
incomi hg  and  outgoing  roitt^^  prececte nee  level 

calls:  AUTOVGN  prtemption  of  an  ettablisted  call 
by  a  precedence  or  higher  precedence  level  call,  ^ 
attehdaht  preemption  of  established  routine  caJti,  < 
network  inward  dialing,  network  outwar<i>  dialitig, " 
Ssnd  network  inward  dialing  of  pr^i^nce  level  balls. 

Calls  may  be  cstablisfe^  between  the  PA BX  party 
^d^he  AUToydN  party  via  this  circuit  with  or 
'Wtthbut  the  assiiiance  of  the  PABX  attendant. 

Network  inward  dialing  calls  are  calb  that  are  being 
established  between  jfe  AUTOyON  caUling  party  and 
^hc  ?AtlX  called  party,  via  the  Jncoming  selector 
^^M¥l  ^'^J'^lL'iancc  qf  thc  P^  attehdent.  The 
:iictwQrk/outward  dialing  call  is  proceised  to  the 
^UTp^N  calfed  slat^^  via  the  outgoin'g  selector. 
•  Preccdence  aierting  and  preempt  sigi^is  from  the 
distMt  AUTOVON  svAtchihg  center  arc  detected  by 


shown  in  fignw  JA^f  folddia  3,  al]bws_preccdencc 
inj^frtniaaiinp  a  PABX  telephone^umber  that  Is 
busy.or  not  answered  within  12  jb  13  seconds  to  be 
diyefted^^i^jO  the  attendant's  cabiriet. 
_  Trft  ^aiisier  fir  attendant  circuit,  shbwn  in  figure 
^*  <>f_ foldout.  3,  works  in  conjunction  with  the 
switchhoard  applique  and  the  basic  trunk  circuit  to 
allbw  NID  .^cajls  to  a  PABX  subscriber  to  be 
traiBfcrred  i6  the  attendant's  cabinet. 

pad  cont*rol  circuit  shewn  in  fig- 
__  __  fbldout  3,  allows      2^db  pad 

to, be  t-emoved  autbmaticaliv  a  call 
being  routed  to_or  from  a  satellite 
change  through  a  main  PABX  or  tHe 
switchboard  attendant  can  remove  tt  man-- 
ualiy^  By  removing  this  pad,  the  brans- 
missi^  quality  of  the  circuit  Is  'i^-- 


^  Th  e 
ure  6A 


is 
ex- 


creaRd 

Nbw  that  yo^  knbWilM  fuhctiora  oi 


this^circuit.  Ilhe  attendant  can  preem)K  a  rout  i^  partsof'tiic  Strank^cIrcXte^^^ 

inihis  trunk  drcuit.  The  AUTOVON  switching  center       ^orfc  as  a  svstem  "^^j  ^"CX 


Lni*u*_iruhk  cincuit.  The  AUTOVON  switching  center 
can  preempt  any  call: 


work  M,a_  system^ 

_NetwJrk  Outgoing  Call  From  Incdniihg  or 
1%rou|li  ScjKt^^^^^  SwftCli  the  first 

description  of  circuit  operation,  shown  in  foldbuts  2 
^"^  ^'  '^yiJ^A  call  from  a  sufcttcribcr  through  a 
satenitc  exc^nge  i^nto  our  main  exchange  arid  injo 
V*^?  ^M^IP^PN  switch.  During  this  discussion  and 
liicre  are  iwbl)Mic  wrsibm  bf  the  othcn  that  ,  follow,  you  will  lisc '^ihe  several 

oprtons  of  the  basic  circuit  the  fSst  has^*J^"  winhg:  schcmaflcs  foldbuts  Zand  3  and  the  notes  that  they^ 
U^^Sfgure2A  (a  pa^  contain.  Go  slowly  and  trace  all  ofMhc  paths 

ejidosurc)  here.  ThisLVcrsion  is  arranged  to  interface  discussed. 

with^  CONUS  AUTpVONswiichahdhastfie  P^^  S^idrMrhii  r«r^,«f  ic  Ar  ;  ^i- 

aipfees.  The  se^ind  version  has^ •'A-^iring,  Sd     •  eaSSKrab^^  ^^f^^"^"^ 
figiire  2A  (bri_fbldout  J)  is  not  us^MfeThis^rsion    ^  ^'Si??^^!^!^??^^?^  or;;;48  volts  (via 


803,  Uing  foldoats  2^  and  3,  (printed ju  sefMlnite 
^^^Joaui^^  the  actiom  thja  occur  in  the 

Interface  trunk  drcuit  during  iti  NOD  call  and  sjp«clfy 
wfenpriTccts  thes^ctions  have  bfi  aibociatcd  circuits. 


is  arrjanged  to. interface  with  aajoversea  AUTOVON 
s.^i^ch  **4-^oc*  PPy  have  < he  PNID  cajjabilit ics;  all 
incomihg  pret^encc  "ievei  calls  are  directed  to  iitt 
PABX  attericla^^ffli  the  board  apj>liq$s. 
_  Again,  due^^tSe  complex  wiring  options  and  the 
flexibility  bf  j he  basic  truh  would  be 

impossible  for  us  ta  study  ivcry  type  of  circuit 
Pl^f^jon  J««M  i?^^  we  will 

Bmit  our  study  to  the  trunl^^  it  the  drcuit  plate. 


fhU  cu 
^ab 

?^oJi»d  ^t"  Wlih  this  circuit  is  swed,  ^  loop  via 
leads  "+.'*15d  ♦-y^sjdoscd  to  relay  A  ai^  riumbeft^o 
winding  bf  rel^  TS  in  figurc'^6A  on  foldout  3.  Bsc 
cpordiante  C/l  for  the  cbfrcct^  and  R  tb  start  oh. 
These  actions  occur: 


number  was  figure  27A,  (H-TB^-^SyA) .  Look  at 

tahle_  A  of  foldout  3  (separate  eSloii»e),  there  you  "^^l^  ^'^^^:^onamonu 

will__Giui_that_  figure  27A_cof»^^^  following      1^!?.^^'!?,?  ^^^*y  <>P^^^^ 

ai^ociated  circuits  wired  together:^. , 


(1)  A  operates  and  TS  through  hs  #2  wmdihg^A 
cbritarts  7  and  8  completes  a  cfrciat  tb  operate  relay 
AS.  A  contacts  2  and  3  complete  a  circuit  lb  bperate 
"■^^y  Ac*ntacts  5  and  6  chai^  lead  M  from  its  oi 
hook  condition  to  its  offUiook  conditibri  through  the 

contact,  only. 

(2)  B  rHay  ojjcratcs^B  contacts  8  and  9  operate 
TS  relay  fuily  over  the  H6  Jead.  B  contacts  6  and  7 
complete  a  circuit  to  relay  B2. 
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.  (3j  TS  rclayopijratfcs—TS  contacts  3  and  4  remoye 
the  2-dB  j>ad  from  T  and  R  to  increase  transmission 
qusiity; 

(4)  B2  relay  opcraies~B2  relay  serves  no  function 
at  this  time. 

(5^>^^reiay  operates— AS  contacts  4  and  5 
complete  a  cir<:uit  to  operate  relay  ON. 

(6)  ON  relay  operates^ON  contacts  [G' and  11 
operate  relay  ONS.  ON  contacts  1  and  2  remove  idle 
line  termihatibh  (resistor  ^-t)_ 

(7)  ONS  relay  opcraic|— SNS  contacts  lOB  and 
ilB  light  To^hc  busy  1(P^p  on  switchboard.  ONS 
contacts  4B^^J  5B  place  a  ground  on  C-lead  to  hold 
the  preceding  switch  train^peratcd  and  nwjj^  the 
trunk  bi^y.  ONS  contacts  6B  arid  7 B  place  a  ^und 
on  HU^cad  to  mark  trunk  busy,  if  rotary  switch 
access  is  used:  ONSirontacts  lOT  and  1  IT  complete  aif 
id  path  for  relay  B2. 

Outpuisih^.  After  accessing  the  A^TO  VON 
equ}pmerit,_  the  siibscriber  dials  the  AUTOVOiN 
addr«s.  dialf^pens  and  closes  the  loop  to'  the 
two-way  /  tour-way  trunk,  which  applies  and  '*^*?oyei 
negative  48  volts  on  the  M  lead.  ThcSFsignahng  unit 
converts  the  DC  signals  received  on  the  M  lead  into 
2,600-Hz  tone-on /tone-off  signals.  The  amplified 
tone  bursts  are  sent  to  the  switching  equipment.  These 
things  follow: 

(i)  impulse  springs  break — this  opens  the  T  and  R 
loop  to  relay  A.  _  _  

(2;  A  relay  releases— A  contacts  7  and  8  opens  the 
circuit  to  relay  AS.  A  contacts  1  and  2  completes  a 
circuit  to  operate  relay  C.^  A  contacts  2  ^_nd  3  opens 
the  circiiit  to  relay  B  and  puts  it  om|^w  to  release.  B 
remains  operated  during  pulsing.  A  contacts  4  and  5 
transfer  lead  M  frbin  its  off -hook  condition  to  its  on- 
hook  condition:  _   *  ""^^v 

(3)  AS.  relay  releases— AS  corit^ts'T^ari    5  open 
circuit  to  ON  ajld  put  it  on-slow|^  release 

(4)  C  refay  opera^r— C  coritacts  6  and  7,  1 2  and  1 3 
.connect  capacitors/^S  aiid  the 

repeal  coils  to  insure  proper  puisiftg  of  relay  A  by 
preventing  inductive  reactance  of  .repeat  coils  frorii 
interfering  with  pulsing  loop.  C  coiitacts  |0  and  11 
connect  resistance  battery  via  a  combinaticHi  of  " 
rwistors  R-18  to  R-21  in  multiple  to  #1  >vinding  relay 
A  (see  note  3)  to  control  percent  make  break  of  l^ay 
A:  ...  ;U^.    -  - 

(5)  Impulse  springs  make — this  closes:  the  T  arid  R 
loop  to  relay  A^  _     ^  v      _  _ 

(6)  A  relay  operates— A  contacts  7  and  ^close  the 
circuit  to  relay  AS.  A  coritacts  1  and  2  open  the  circuit . 
to  relay  C  and  puts  it  on  slaw  to  release:  C  remains^ 
operated  during_piiising.  A  c^tacis  2  and  3  reclose  a  / 
circuit  to  relay  B.  A  contacts  5  arid  6  trarisfer  lead  M 
from  its  on-hook  condition  to  its  off-hook  condition. 

(7)  As  relay  operates— AS  contacts  4/tfn9  5  close 
the  circuit  to  relay  ON.  Relays  B.  ON,  and  C  remain 
operated  during  pulsing  due  to  their  slow-to- release 
Characteristics. 


(8j  Dial  pause ^uri rig  dial  paiisc  relay  C  re  1^^ 
(9)  C  relay  releases— C  serves  no  function  at  this 
time. 

€uUed  iine  i<i/^.  Relays  operated  when  the  called 
party  answers  arc  A,  AS,  B,  ON,  ONS,  TS,  and  B2  in 
figure  2A  on  foldout  3.  When  the  called  party 
answers,  the  distant  AUTOVON  switchirig  center 
rerridves  SF  torie  caiisiri^  the  SF  unit  to  ground  lead 
E.  Grounded  lead  E  Operates  relay  E.  Next,;  these 
things  happen:  _      _  _  \  S^'^^: 

( 1)  E  Relay  opcrates--E  contacts  4  and  5  clfiKfl(|^ 
circuit  to  relay  ES:  E  contacts  2  and  3  close  a  circuit  to 
relay  ESS.  ______ 

(2)  ESS  relay  _dpcratcs— ESS  relay  serves  no 
function  at  this  time.   

(3)  ES  relay  operates— jES  cbritacts  2  and  3  close  a 
circuit  to  relay  PT  and  SR  in  parallel 

(4)  SR^relay  operates— SR  relay  serves  no  function 
at  this  time.  , 

(5)  PT  relay  operates — PT  contacts  4  and  5  close  a 
circuit  to  relay  RV. 

(6)  RV  relay  oj>erates— <:ontacts  6T  and  8T,  5B  and 
7B  reverse  the  polafity  of  leads  and  to  return 
ariswer  supervisiori. "  ; 

Conversmion.  Conversation,  between^  the  PABX 
calling  party  and  the  AUJOVON  called  party  takes 
place  at  this  tiraij^ Jhc  fo^^ 

during  conversation'.Jigure  LA^f  fdra^t  3 — A,  AS, 
B,  ON,  ONS,  PT,  SR,  RV,  E,  ES,  E»R  figure  6A  of 
foldditt  3— TS;  and  figure  2A— B2:  ^ 

CiS^d  line  busy^J^lhc  called  line  is  busy,  busy  tone 
is  returned  to  th^pllirig  part  repeat  coils 

from  the  distant  Relays  operated- A,  AS,  8, 
ON^  pNS,  arid  TS.  Grourid  is  hot  returned  on  the  E 
lead  frorii  the  SF  Unit. 

Rel^i^F  from  a  l>usy  conditien  When  the  calling 


cbriditibru  the  loop  to 
iK^  will  be  the  same  as 
Cys  operating,  they  vqW 

^5/:  When  the  calling 


party  ^fisconriects  & 
r€lay/A  i_s  _djw5*' 
seizure,  bat  irstead 
release, 

z  J^allmg  party  disco^^^ 
party  disconnects  flret,  the  to  relay  A  is  opened. 
Relay  A  releases.  After  tllis,  these  act idtS  ta^c  pjacc: 
(1)  A  relay  releases — A  contacts  7  and  8  openj^e 
circuit  tarclay  AS.  A  contacts  2  and  3  bpetv  the  circuit 
tb  relay  B  arid  puts  it  on  slow  to  release.  Relay  B  times 
out  and  releases:  A  contacts  4  and  5  change  lead  M 
ffSti  its  off-hook  coriditibri  to  its  oiv-hbok  coriditibri. 

3)  AS  relay  releases- AS  relay  serve  no  function 
2ls.Mqs  simc.  _ 

fC3)  C  relay  operates— C  relay  serves  rib  function  9* 
tnis  liine. 

B  relay  releases — B  contacts  8  and  9  operi  tk 
circiii\tb  relay  TS.  B  cbrita§gj.4^nd  5  open  the  circuit 
to  rela^v  C  and  put  it  on  slow  to  release.  C  times  ouX- 
and  rele^es. 

(5)  TS  relay  releases— TS  contacts^  3  and  4j:«place 
the  2-dB  pad  on  T  and  R  leads.  ^ 


C 
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(6)  C  relay  releases — C  relay  serves  no  function  at 
this  time. 

A  UfOVQ^  disconnects  second  When  t^  called 
party  disconnects*  ground  is  rcmpvcd  from  the  E  lead 
opening  the  circuit  to  relay  E.  Thereafter  this  ensues: 

_  iU:^  J'^l^yJ'^Lcascs— E  CO  and  5  open  the 

circuit  to_rclay  ES.  E  contacts  2  and 3  open  the  circuit 
to  relay  ESS. 

J^)  '^''^y  _*!^^<^^<^""ESS    relay   serves  ho 

function  at  this  time. 

_._(_?)  relay  releases— ES  contacts  2  and  3  open  the 
circuit  to  relay  SR  and  put  it  on  slow  to  release;  SR 
rela^  releases. 

_W  _SRj*clay  releases— SR  contacts  4  and  5  open 
the  circuit  to  FT  and  put  it  on  slow  to  release.  PT 
relay  times  out  and  releases.  SR  contacts  1  and  2 
complete  a  circuit  to  relay  P. 

(5)  P  relay  operates — P  relay  serves  no  function  at 
this  time. 

(6)  PT  relay  releases — PT  contacts  6  and  7  open 
the  circuit  to  relay  P._Pl>:fcont acts  4  and  5  open  the 
circuit  to  relay  RV.  PT  contacts  4  and  5  open  the 
circuit  to  relay  ON  and  put  it  on  slow  to  release.  ON 
times  out  and  releases.  _ 

_  (^^  relay  releases— P  relay  serves  no^unction  at 
this  time: 

(8)_JtV  relay  releases— RV  contacts  6T  and  8T,  5B 
and  7B  reverse  the  polarity  of  leads  and  ^  to 
return  answer  supervision.   «  ' 

W_       T^lay.  rcle^^^  contacts  10  and  11 

opens  the  circuit  to  relay  ON S  _  _  i 

(lO)  OPJJS  relay  releasw^NS  contacts  6B  and  7B 
remove  ground  from  the  HU  lead.  ONS  contacts  4 B 
and  5B  remave  ground  from  tJhe  G  lead.  ONS  contacts 
lOB  and  MB  remove  ground  from  the  BL-l  lead  to 
extinguish  the  routine  busy  lamp;  ONS  contacts  lOT 
and  1  It  open  the  circuit  to  relay  B2  and  put  it  on  slow 
to  release.  _B2  times  out  and  releases.  02  relay  serves 
no  function  at  this  time.  The  circuit  is  now  at  normal. 

Cailed  puny  disconnects  Jlrsi.  When  the  called 
party  disconnects  first,  AUTOVOlstreturns  the  SF 
^P'^  .T^  SP  I i n i t  i  f  rti nij  i  i,  I'ljf'iiiMfflfc ' ^     P  jcad* 
^causing  the  E  rel^  ^-^^^P^ilH    thHcse  actions 
occur:  /m^t^^^,^^.  / .  . 

_       ^  Jfl^y  '*'^^B's^<>*^2lcts_4  and  5  p pen  the., 
circuit  to_relay  ES/ ttontaSs  2  and  3  open  the  circuit 
to  relay  ESS.  ,  .  ^ 

i^l  relay   releases — ESS^  relay  serves  no 

function,  at  this  time:  .  _       ;  _ 

(3)  ES  relay  releases ^^^S  contacts  2  and  3  open  the 
circuit  to  relay  SR  and  put  it  on  slow  to  release:  SR 
releases... 

W  _S R  rcl ay  rclepcs  — S  R  co ht acts  4  and  5  b pe ri 
the  dircuil  to  PT  and  put  it  on  slow  to  release:  FT 
times  out  and  releases!  SR  cont|u:ts  1  and  2  complete 
a  circuit  to  relay  P. 

(5)  P  relay  operates 
this  time.  ^ 


5^I_PT  r^*>y  J*!^|cases— -PT  contacts  6  2rnd  .7  open 
the  circuit  to  relay  P:  PT  contacts  4  and  5  open  the 
circuit  to  relay  RV_, 

(7)  P  relay  relca5^--P  relay  serves  ho  function  at 
this  time.  ^ 

(8)  :  RV  relay  releases— RV  contacts  6T  and  8T,  5B 
^"^_Z^_  reverse  the  polarity  of  leads  and  to 
return  answer  supervision. 

Calling  party  disconnectjf  second.  When  the  calling 
PA^y.^jscbhriccts,  the  loo^  ®  relay  A  is  opened.  After 
this,  this  follows: 

(1)  A  relay  relea&cs — A  contacts  7  and  8  open  the 
^i/cuit  tb  relay  AS.  A  contacts  2  and  3  open  the  circuit 
to  relay  B  and  put  it  on  slow  to  release.  Relay  B  times 
put  arid  releases  A  contacts  1  and  2  complete  a  circuit 
^o/^'Ay'^-  contacts  4  and  ^  change  lead  M  from  its 
off-Jiook  condition  to  its  on-hook  condition: 

(2)  C  relay  operates— C  relay  serves  no  function  at 
this  time: 

(3)  B  relay  releases— B  contacts  8  and  9  open  the 
circuit  tb  relay  TS.  B  contacts  4  and  .5  open  the  circuit 
to  relay  e  and  put  It  on  slo^v  to  release.  C  times  out 
and  releases.  _  _  - 

_  (^)  T?  T^l^y:  r^l^^^^~~TS  contacts  3  and  4  replace 
the  _2-dB  pad  on  T  anH  .R  leads. 

(5)  C  reliy  releases— C  relay  serves  no  function  at 
this  time: 

(^J^^AS  relay  releases — AS  contacts  4  and  5  open 
the  circuit  to  ON  and  put  it  on  slow  to  release.  Relay 
ON  tim«s  out  and^releases.^ 

/(7)70N  relay  rcleases--ON  contacts  10  and  ll  open 
the  circuit  to  relay  ONS. 

(8)  ON§  relay  relcases-^ONS  contacts  iOB  aitd 
I  I  B  cxtinguisK^'th^  routine  busy  lamp.  ONS  contacts 
4B  and  5B  jcmbye  ground  from  C  lead.  ONS  contacts 
6B  and  JB^xemovt.  ground  from  Htf  lead.  b]^(S 
cbritacts  lOT  and  1  IT  open  the  circuit  to  relay  B2i^^ 
put  B2  on  slow  to  rclcpc_.  B2  times  but  and  releases. 

(9)  B2  relaj  releases>^B2  relay  serves  no  function 
at  this  time. 'Tht' circuit  is  how  at  hprni^. 

_      -      —   J     ~  _  "    "  __  i§_ '*  _ 

Network  Outgoing  Call  from  Outgoing  Sielector 
Banks  or  Rotvy  Switch.  This  c^l  will  be  the  same  as ' 
the  previous  NOD  ^:all,  except  thaj  we  will  not  use 

^'S^A^'^A  9?J^ol^^4t^3-  _^c^^T^  riot  bperate.  ^"^ 

Since  this  call  originates  in  our  local  central  office,  we . 
will  not  need  t  hje  1^  relay  in  figure  6  A  on  fold  out  3  to 
remove  the  2-d6  pad;  thus,  the  path  for.the  A  relay  is  . 
different. 


1.  What  prcveijts  the  preceding  equipment  from 
releasirig  when  the  iriterfacc  trunk,  shown  in  F0  2, 
is  seized  from*  an  outgoing  selector? 


-P  relay  serves  no  function  at 


-  oC'S 


■/ 
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2.  What  action,  in  the  trank  circuit,  shown  in  FO  2, 
alerts  the  SF  unit  that  this  circuit  is  no  longer  idlel*^ 


3;  What  function($)  arc  accbmplishcd  by  relay  A  in 
the  trunk  circuit,  shown  in  FO  2,  during  the  second 
or  subsequent  impulse  make? 


 —   — - —  v*"^  — —    "  " 

4.  What  circuit  actions  qcctir-when  contacts  2  and  3 

of  relay  ES,  shown  itf  FD  2,  close? 


5;  What  pirvents  the  trunk  circuit,  shown  in  FO  2, 
from  b^ng  seized  prematurely  when  the  calling 
party  hahg$  up  first?  • 


904.  VAni  VMom  and  3,  distincuS^^he  actJoiK 
that  occur  in  the  jnt^ice  truiik  dreujtiii^ng  in  Nljb 
call  and  indicatf^||i.cfrects  th&B;t  actions  have  on 
associated  cqidmiieiit.  ' 

NID  Call  to  Incoming  Sele^or  Fr^  AUTOVON. 
Tl^  descriiilioh  of  circuit  operiitlon'(usiTig  figure  1 A 
PtiwISSJju^^  2jind  figure  2 A  ph  fpldout  34^JMy»)^?lll^^ 
a  call  n^om  AUTGVdN  into  the  interfrec  eqiiipment 
and  but  through  the  central  office  using  tlv  incoming 
selector  and  switj:h  tnain  to- the^led^ute^ 

Seizure.  Ground,  oji  the  M  kad  n^ilks  this  cirtuit 
idjf  -  T^c  #pjihded  M  lead  ipauses  the  SF  signaling 
unit  to  transmit  2,6bO*Hz  signal  to  mark  the  <^ircuit 
idle  to  AUTOVON.^* : When  the  circuit  is^ 
^seized,  AUTOVON  removes  the  2. 600  Hz 
signal  from  the  receiver  w^ch 
causM  the  SF  signaling  unit  to 
gfouno^he  |L*-lead  closing  an  operate 
path  to  relay  E.  :  ^ 

(jj  E  relay  operates— E  contain  6  and  7  serve  ho 
function  af  this  time  due  taa  short  circuit  across 
B  and  Bl  (terminals  B6  and  B5  respectively)  ci)ming 
from  contacts  5  and  6  of  relay  DE,  figure  2 A  on 
foldbut  3.  This^ short  keeps  the  selector  from  stepping 
on  the  first  digit.  £  (prpcedencc  digit)  contacts  4  and  5 
compile  a  circuit  to  felay  ES.  E  contacts  2  and  3 
complete  a  circuit  to  relay  ESS: 

(2)  ES  relay  operates— ES  contacts  2  and  3 
Cbmplcte  a  circtnt  to  ri^y  PT.^S  contacts  2  and  3 
complete  a  circuit  to  relay  Sr.  ES  contacts  7  and  | 
complete  a  circuit  to  relay  INf  _        _o  _   /_ 

(3)  PT  relay  operates — PT  relay  series  no  funct^ion 
at  this  Aitmc.  _  ^ 

(4)  SRrclay  operates— SR  relay  serves  no  funciioi 
at  this  time.  y  \ 

(5)  IN  relay  bpHcratcs— IN^dntacts  8iB  ahO  9B 
complete  a  circuit  to  relay  iSs:  IN  contacts  2T  and 
3t,  2B  and  3B,  4T  and  SJi  aM  8T  and  9T  complete  a 
loop  to  seize  the  incoming  selectori 
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NOTE:  SP  relay  docs  not  operate,  due  to 
^         magnetic  bj^pbsitibh  in  its  windings, 

(6)  INS  relay  pperates^INS  contacts  8  and  9 
complete  a  circui  to  relay  iM.  _ 

(7)  IM  relay  operates— IJVI  contacts  8  and  9 
provide  a  hold  path  for  its^ 

(8)  ESS  relay  operates— ESS  contacts  8  arid  9 
complete  a  circuit  to  relay  ON.  ESS  contacts  Rand  9 
cprnplete  a  Jround  on  lead  C  to  mark  the  circuit  busy 
to  outgoing  calls: 

,  (9)  ON  rcl^y  opcfttcs— ON  contacts  10  and  J  l 
complctc  a  cirtuit  to  relay  ON S.  ON  contacts  I  and  2 
remove  the  idle  line  termination:  ON  contacts  12  and 
13  compfete  a  circuit  to  relay  WK. 

(lb)  ON S  relay  operates— ONS  contacts  AB  and 
5B  complete  an  alternate  grjQund  on  C  lead:  ONS 
Contains  6B  arid  7B  g^^^  HU  lead.  ONS  contacts 
JOB  and  I  IB  complete  a  circuit  to  light  the  rbutiric 
^  busy  lamp  on  the  switchboard.  ONS  contacts  4T  and 
^  ^T  ^h^'lgc  the  path  fbf  relay  IN  from  its  operate  path 
to  its  hold  p^h: 


WK .  relay  operates— WK  contafcts  5  and  6 
complete  a  circut  to  relay  B2. 

NOTE:  ,WK  relay  coriricGts  lead  WK2  to  lead 
WXl,  placing  an  offrhook  condition  on  lead  M; 
When  WK  relay  ""cleas^i^it  disconnects  lead 
Wk2  from  WKI,  ret uri^|  lead  M  to  its  bri^ 

.  hook  conditiOT.  Wink-start  signals,  off-hook  ^nd 
l*ich  _oi>-htw^i- P^^^  M  is  used  to  signal  the 
distant  AUTQVON  switching'fccnter  that  the 
trunk  is  re^dy  for  pulsing  and  that  the  PA 6x  has 

^  PNip  capabilities.  The  timir^f  for^  wiijk  control 
will  be  1,40  to  290  ms:  '  .  • 


contacts  3  and  4  open 
ni^i^.to  release.  WK 
Itacts  7a nd  8  complete  a 


(12^B2  rcl 
the  circuit  to 
times  but  an< 
hbid  par__^^^^^^ 
•  03),  J^^Ti^l^^Bpses— Wk  contacts  3^'ancf  4 
disconncfcTleadwBpfrom  WKl,  returning  lead  M  to 
its  bri-hbbk  cbriditibri.  Relays  b  per  ate  d:  E,  ES,  ESS, 
SR,  PT,  IN,  INS,  IM,  ON,  ONS,  B2: 

pQismg  of  precedence  digit:  ^LJTOVON  sen<te  a' 
series,  of  lone-on/ tone-off  (on-hbok/ off-hook)  bursts. 
The  SF  Mgnalirig^ unit  cbnverts^ this  brie  t brie  bursts  to 
ground  pulses  on  lead  E:  DuriH  on-hook  condition 
ground  is  removed  from  the  E  Ead  releasing  relay  E. 
The  seized  selector  will  not%jp-jjn  the  precedence 
digit  due  to  leads  Band  Bi  beii^Sibfted,  This^hona( 
b ut  thc-ftinctlPI  of  _co htacts  6  anci  7  of  relay  E.  The 
roiar^  j^witcbJaiigui»-2TV-QiiJ^  will  step  on  the 
^rd  digit  only.  We  will  use  the  digil  four  to  show  a 
rgtitirie  call. 

On-hpok.  The  E  relay  wiH  release  antr^feopefaic 
fbur  times,  but  we  will  only  show  it  once.  The 
following  three  times  arc  the  same.  After  this,  these 
actions  occur: 

»  31 
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(1)  t  relay  releases--E  contacts  4  and  5  open  the 
circuit  tb  reUy  ES.  E  contacts  2  and  3  open  tTie  circuit 
to  relay  ESS.    

(2)  is  relay  rcleales*— ES  relay  serves  no  function 
at  tJiis  tinie.  1 

J^3)  ESS  relay  releMCS— ESS^-fet>m^u:ts  ^  1  and  2 
complete  a  drcoit  to  relay  C. 

(4)  C  relay  operates— C  contact^, 
cotnplfte  a  ctrciiit:  to  magnet  RS^»^ 
foldout  3:  ^ 

(5)  RSI  magrtct  operates—the  rc 
indjnbct  drive  homing-iypc  switch,  if  -" 

when  RSI  releases. 

_:_  ^  __  •  ' 

Off-hook:  Ground  »  reapplied  to  the 
reoperating  relay  E:  This  is  followed  by  these  act^  ^ 
(0:  ^^''^l^yJy'^^^^'^s^E  Com  acts  4  and  5  coijiipfeii 
a  circuit  to  relays £S.  E  contacts  2  and  3  compiet&a[,^ 
drcuit  to  relay  ESS.  T^. 

(2)  ES  relay  operates— ES  relay  serve  no  functic^* 
at  this_tiiiie. 

(3)  ESS  relay  operates 


(1)  E  relay  bjKratcs—E  cbhtaa^ 

a  drcuit  to  relay  ES.  E  contacts  2  and  3  compietc  a 
circuit  Jto  relay  ESS.  E  contacts_6  ahdL7  corripieie  the 
loop  ttf" the  ihcbniihg>plectbr.  The  ihcbn^ng  selectbr 
has  taken  1  step  now; 

(2)  ES  relay  operates — ES  relay  serves  no  function 
it  time. 

(J^fSS  relay  operates— ESS  contacts  1  and  2  open 
ths^  circuity  to  relay  C  and  put  it  on  slow  to  release.  C 
IJL^iot- release  during  pulsing. 

Ap^^e^^'^T^^^     i>nv»_9yt  ahd  releases  during 
i^iiie:  t^^xt^t^oe  thinp^take  place:  S^ontacts  8 
'dpcn  the  a^l^drt^ii^c^  SiP  windings:'*C  contacts 
ltd  1^3/arirf:6^a^n^^^^  C-5  arid 

'r6  from^the-circuit.''  ^  _  '  . 

'K^ailed  pi^tyi^fj^^      The  incbrhihg  selector  will 
witch  thrbugh  To  the  2d  selector  or  connector, 
lepending   upon   the    PABX   trunking,  and  the 
JoHowing  digits  will  step  these  switches  to  the  called 
parTy^  When  the  called  parly  answers,  the  connector 


-ESS  contacts  I  and  2  open '^^^ill  reverse  T  and  R,  which  rever9es_i)attery^  and 

ground  going  to  the  wi ridings  of  relay  SP,  causing  it 
to  bperate.  After  this,  these  actions  ensue: 

(1)  SP   relay   operaies-r-SP   contacts    1   and  2 
cornplete  a  circuit  to  relay  IN  A.  SR  contacts  1  and  2' 
complete  a  circuit  to^  relay  SPS.  . 

(2)  JNA  relay  operates— INA  cornplctcs  a  hold 
path  for  itself  through  contacts  I  and  2. 

(3)  SPS  relay  operates— SPS  contacts  6B  and  7B 
change  lead  M  frbrh  on- hook  to  bfphook  cbnditibn  to 
signal  the  distani^nd  equipment  that  the  called  party 
has  answered  SP^  contacts  9T  and  lOT  complete  a 
drciiittb  relay  SD.  ''^ 

(4)  Sb  relay  operates— SD  contacts -12  and  13 
short  Icids  M6  and  MO  for  off-hook  supervision.  If 
relay  SPS  releases^  the  drcUit  will  riqt  iitdicatc  on- 
hook  until  both  parties  release.  Conversation  between 
the  calling  AUTOVON  party  and  the  called  PABX 
party  takes  place  at  this  ime. 


the  circuit  to  relay  C^nU  put  it  on  slow  to  release. 
Relay  G  wiil  jiot  time  out, during  p_ulsing.  ESS 
contacts  10  and  11  op^ri  the  circuit  to  RSI  magnet. 

(4)  RS 1  majpict  releases- RS 1  magnet  will  step  the 
rotary  switch  to  the  dialed  level.  This  will  be  the- level 
4  for  a  routine  call. 

Dial  pause.  ISirin^  dial  pause,  relay  C  times  but 
aruj  rcleasts.  Tlfcrcafter,  these  things  occur: 
^  /(I)  C  relay  releases — C  contacts  3  and 4  compietc  a 
drcuit  to  relay  DE.  i__  _ 

{2)  DE  relay  operates— contacts  5_and  6  will 
take  the  short  off  leads  B  and  B  l  (contacts  6  ahd^  of 
The  next  di^t  received  will  step  the  incoming 
selector;  DE  contacts  1  anc^^will  prevent  RSI  from 
,  operating  qn^^bsequent  dijllls. 

Pulsing  of  PABX  subscribers  number,  bn-hook. 
This  digit  wilj  step  the  incoming  selector.  We  will  use 
thejdigit  1,  although  this  digit  could  be  any  from  1  to 
0.  Ground  is  removed  from  the  E  lead,  releasing  nelay 
.  E.  At  this  poiiit,  these  acti(a^j  happen: 

<i)  E  relay  rdcas^ — E  contacts  4  and  5  open  the 
circiiit  to  relay  ES.  E  cbntacts  2  and  3  open  the  cil-cuit 
to  relay  ESS.  E  contacts  6  and  7  open  the  loop  to  the 
incornin^  scia:tor.   ^ 

(2J  ES  relay  releSscs— ES  relay  serves  no  functicni 
at  this  time: 

(3)  ESS  relay  releases 
complete  a  circuit  to  relay  C: 
-  (4)  C  relay  api^ratcs — C  contacts  8  and  9  short  out 
the  rissist  an^e^  of  S P  wi  ndi  ngi  d Uri ng_  piilsi  ng.  v  C 
contacts  12  iid  13,  and  6  and  7  pl^ce  capacitors  C\5 
and  C-6'ih  parallel  with  repeat-  coil  during  pulsing> 
RSI  magnet  will  not  operate  due  to  contacts  1  and  2 
of  relay  DE  being  open. 


The  J'bllowirig  relays  are  operated  during; 
conversittioi]:  figure  1 A  aa  foldout  2— E,_ES»  ESS, 
SR,  PT,  IN,  INS,  IM/SP,  SPS,  INA.  ON,  ONS; 
figure  2A  on  foldopt  3 — B2,  DE;  and  figure  7A  on 
foldout  3— SD. 

Release,  jcalUng  party  disconnects  first.  When  the 
calling  party  disconnects  first,  AfeKTOVON  returns 
2i^60P  Hz,  calling  the  SF  sigrialihgiirut,^  rcmo^^ 

^   .     1      A  ^     ground  on  E  lead,  releasing  the  E  relay.  At  this  point, 

ESS  contacts   1  and  2     *  .    »  ©  j  r 

this  happens: 

(1)  E  relay  releases— E  contacts  4  and  5  open  the 
drcuit  toTeiay  ES.  E  contacts  2  and  3  open  the  circuit 
to  relay  ESS. 

{!)  ESS  relay'  releases— ESS  coritacts  1  and  2 
complete  a  circuit  to  relay  C. 

(3)  ES  relay  releases— ES  contacts  2  and  3  bpcn  the 

SR 


^f'hqok.  Ground  is.  reapplied  to  E 
reoperating  relay  E.  Following  this,  these 
happen: 


32' 


drcuit  to  relay  SR  and  put  it  on  slow  to  release, 
lead,      tim^  aut  and  releases, 
things  .     _  (4)  C  relay  operates— C  relay  serves  no /uriction  at 
this  time. 


14 
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(5):SR  relay  releases — SR  contacts  4  and  5  open 
^hc  circuit  to  rc[ay  PT  and  put  it  on  si^pw^o  release. 
PT  times  out  and  releases.  SR  contacts  1  and  2 


4 


ERIC 


complete  a  circuit  to  relay  P- 

(6)  P  relay  operat^~P  contacts  9  and  1 1  prcwide  a 
hold  path  for  itself.  ' 
_  :  (^1:       relay  releases^-^T  cbritaicts  6  and  J  ogon 
the  circuit  to  relay  P.  Ptxdblacts  8  and  9  open  the 
circuit  to  relay  C  and  pi^  C  on  slow  to  release.  C  times 

out  arid  releases.         ;    * 

g  (8)  ^  relay  releases— ^  relay  serves  no  function  at 
this  time. 

(9) _  DE  relay  fclc^^^DE^  contacts  3  and  4 
compietc_tt  homing  cn^it  to  RS 1 .   

(10)  RSi  magnet  operates— rotary  switch  RSI 
ste^  self-imerriiptedly  to  its  home  positi^on  and  opens 
its  **ON'*  contacts  opening  its  iioming  circuit.  _ 

^  (II)  INS  relay  releases— INS  contacts  8  and  9  open 
the  circUt  to  relay  I INS  jontacts  4  and  5  open  the 
circuit  toxelay  SD  and  TR  relay  to  "X**  contacu.  INS 
contacts^  2  and^3  remove  ground  oh  HU  lead. 

1 1 2y  TR  relay  releases— TR  relay  serves  hb 
function  at  this  time. 

(13)  IM  relay  releases — IM  relay  serves  no 
fuhctibn  at*  this  time.     

(14)  SD  relay  releases — SD  contacts  i  and  2  return 
the  M  lead  from  its  off-hook  condition  to  its  on-hook 
cohditibii.  The  circtiit  is  now  at  normaL 


fCjiihd  porty  disconnects  first.  When  the  PABX 
cpllcd  party  disconnects  first,  normdl  polarity  is 
restbfcxl  to  leads '<*L  and  — L  via  tte  incoming  sclcc 
closing_the  windings  of  SP  in  magnetic  opposition: 
Relay  SP  restores,  then  these  actions  occur: 


(1)  SP  relay  releases — SP  cbiitacts  I  aiid  2  opeii  the 
circuitJtD  relay  SPS.  -^^   

(2)  SPS  relay  relcascs^Slfe^  contacts  8T  and  9T 
operate  relay  TR  to  its  "X**  contacts  only  and  hc^ds 
relay  SG(  ^  " 

I?)        T'^^M  PPcj'^tcs  to  "X"  cbntacts— TR?^ 
servcs'^o  function  at  this  time:         '  : 


CaJiing  parry   z^connecis  second.  When 
AUTO  VON  calling  party  disconnects  sccpnc|^| 
is  reinbVed  frbin  lead  E  nj^lc^ihg  n^a^  E.  ^Ilc 
this,  these  events  take  place:      /     ^  ^ 

(1)  E  relay  releases— E  contacts  6  and  7  open  the 
circuit  to  the  incoming  selector  rele^ing  the  PABX 
switch- train.  E  contacts  2  and  3  open  the  circuit  to 
relay  ESS.  E  contacts  4  and  5  open  the  circuit  to  relay 
ES.  . 

(2)  ESS-ri^y  releases— ESS  coyacts,  1  aqd  \2 
complete  a  circ&t  to  relay  C.  ^     /  Sr 

^U)  ES  relay  releases— ES  cc^ta«ts  -2  ajhd  3  open  the^ 
circuit  to  relay  Si^and  put  it  on  slow  to  release.  SR 
tiines  jDte^jijJ'*^^^ 

(A)  C  rela>',  operates — C  relay  serves  nojunction  at* 
this  time. 


■  S'A\ 

(5)  SR  relay  rclcascs^SR  contacts  I  and  2 
complete  a  circuit  to  relay  P.  SR  contacts  2  and  3 
open  thc_iarcuit  to  relay  PT  and  put  it  on  slow  to 

release.  PT  times  out  and  releases.   

-  (6)  P  relay  operates — P  contacts  9  and  ! !  provide  a 

^Jd  psih  for  itself. 

V)  J^T  relay  releases— PT _cbrita(^s_  6  and  7  open 
the  circuit  to  relay  P.  PT  contacts  4  and  5  open  the 

^circuit  to  relay  ON  arid  put  it  pri  slow  to  release.  ON 
Umes  but  and  releases^  PT  contacts  8  and  9  open  the 
circuit  to  rday  6  and  put  it  on  islow  to  release.  Relay 
C  timw  out  arid  releases.  '  

(8)  P  relay  releases— P  relay  serves  no  function  at 
this  time.  _ 

(9)  C  relay  releases— C  relay  serves  rib  function  at 
this  tiyfic. 

(16)  ON  relay  releases^-ON  contacts  10  and  11 
open  the  circuit  to  relay  ONS. 

(IIJ^ONS  relay  releases— ONS  contacts  lOB  and 
1  IB  extinguish  the  routine  busy  lariip,  ONS  contact^ 
lOT  aAd  1  IT  open  the  circuit  to  rela£B2a^ 
slow  to  release.  £2  times  out  and  releases.  ONS 
contacts  4T  arid  5T  open  the  ciriiuit  to-rclay  IN.  ONS 
contacts  4B  arid  5B  remove  ^oundj)n  C  lead: 

(12)  B2  relay  releases— B2  relay  servc^  no  functibn 
at  this  time.  ^  ^ 

(13)  IN  relay  releases— IN  contKts  6'^_and  7T 
open  the  circuit  to  relay  IN^.  IN  cbmacts  8B  and  9B 
bpcri  the  circuit  to  relay  INS.  IN  cbntacts  6T  and  7T 
open  the  circuit  to  relay  DE. 

(14)  INA  relay  releases- INA  relay  serves  no 
functibri  at  this  time.  v-:^ 

(15)  DE  relay  r^raes— DE  contacts  3  and  4 
complete  a  horiii rig  circuit  to  riiaghct  RSI. 

(J6>  RSJ  magnet  bpcrat«^  RSI 
steps-self-i|iterruptedl^'to  its  home  position  and  opens 

its  "ON"  contacts,  qf>ihing jits  hbmirij  circuit.  

(I^  INS  relay  release^— II^S  contacts  8  and  9  open 
the  drcuit^o  rela^IM.  INScQntScts  4  and  5  open  the 
<^_rcuit  tOM-cIa^  its  /'X"  Contacts. 

INS  jcontacts  2  and  ?%emdvt ground  on  HU  lead. 

.^^^^^  relay  releases— IM  relay  serves  rib 
furiollin  at  this^t|^tTSt.  ' 


(19).^   relay  releases— TR   relay   serves  no 

functidii.^.lhis  UiT%.  )i         ___  _  _^  

'V-  SP>flay;release9>^ 
|5<j.  M  Ui^Mc&  iti  off-hook  condition  to  its  on-hook 
&nditipn<NliSrcarcuit  is  now  at  normal.* 


What  fsiecc  of  equipment  alerts  the  trunk,  shbwn  in 
fold^  2,  of  an  incoparng^^pall  and  how  isjj^^don^'' 


What  relay  operation,  in  the  trunk  circuit,  shown 
in  fbldout  2._ seizes  the  incoming  selector  switch  for' 
an  Nib  cali? 


What  action  marks _thc  trunk  circuit,  shown  in 
fdlddut  2^  busy  to  NOD  calls,  during  an  NID  call, 
when  rotary  switch  access  is  Uiscd? 


On©  of  the  objectives  of  th   volume  is  to  familiarize 
you    with    the    AUTOVON   intcrfacc_  equipment 
operation  and  troubleshooting;  Another  is  to  hcl^ 
you  get  over  the  very  rm^       reaction  of  "Oh  my 
go&h,"  when  you  first  glance  at  a  com picx  schematic. 

Remember  the  systematic  approach  to 
troubleshooting  that  you  hay^  been  using  along  with 
the  knowledge  of  how  the  circuit  works;  then 
troublesl^ooting  this  equipment  should  not  be  as 
tough  as  you  first  think  li  is. 


4.  When  the  first  digit  is  pulsed  into  the  trunk  circuit, 
shown  in.  foldout  2,  what  prevents  it  from  stepping 
the  incoming  selector? 


5-  ^*^^^  ^^^ori  takes  plac^^  in  the  trunk  circuit  in 
response  to  the  first  digit?  ^ 


^-  ^^^^J  Ar^k  circuit  action  steps  the 
equipment\seicctor(s)  and  connectors) 
NID  call? 


^-  ^^'^  J^^  l  j'^^y^J^i.^o^  i^s  home^  position  during 
crunk  release  from  ari|^D  call;  what  causes  it  to 
stop  at  the  home  positron?  ' 


Exercises  (805): 

Complete  the  following  trou, 
using  foldouts  2  and  3  as 


1. 


hooting  problems* 


What  is  the  trbuble^Ml^fer'a  subscriber  has 
fully  seized  the  trunk^^y||p^  NOD  call,  another 
local  subs^iber  cuts  ™o" the  same  trunk  circuit? 
Contact&AB  and  5B  of  relay  ONS  are  clean  and 
making. *What- is  the  corrective' action? 


PJ1A>1  call  the  selector  steps  in  response  to  the 
first  inconring  digit.  What  is  the  probable  caUg»f 
the  trouble  and  what  should  be  done  to  corr^it? 
^^J*'ou^]^  >sji6t  located  in  figure  I A  on  foldout  2 
of  the  trunk  circuit: 


1*3.  troubieshooting  interface  Trunk  Circuits 

In  this  chapter  and  the  next,  a  Uttlc  spice  ha^beeh 
added  to  the  troubleshooting  sections;  the  spice  Being 
^°'^P*^^^y  :^"Mn^^^^  to  go  from  one 

schismatic  to  aother  you  have  some  complexity.^* 
AUTOVON  circuits  get  a  lot  of  interest  at  higher 
levels  when  titjublc  dcVclojps.  The  quicker  you  gjst  it 
fixed,  the  happier  your  Chief  of  Maintenance  will  be. 

^5.  .Given  intoface  trunk  circut  trdtil^e  s^itij^bnis 
WM  using  foldouts '-2  and  3,  bolatcs  the  probable 
(Mioses  in  trouble  in  each  such  sitiiatipri  and  pinpoint 
the  conrective  action  for  each  such  situation. 


The  operator  plugs^  into  the  routine  jack  on  the 
switchboard,  and  finds  th^t  ah  NOD  call  is  in 
progTKS.  The  routine  busy  lamp  on  the 
switchboard  is  not  burned  out  even  though  it  was 
hot  lit.  What  is  the  trouble  and  how  should  you 
correct  it?  *  » 


4.  Offari  NID  call,  t^ie  condition  of  the  M  lead  does 
not  change  to  indicate  to  the  distant  office  that  it  is 
ready  to  receive  digits.  Tiie  trouble  is  not  to  be 
fpM"cl  >n  figure  lA  on  foldout  2.  What  is  the 
trouble  and  the  corrcctiNze  action?  Contacts  3  and  4 
of  the  WK  relay  are  clean. 


C^j  APTER  2 


Other  Interface  Circuits 


IN  THIS  CHAPTER,  wc  discuss  the  prooessfng  of 

switchboard  We  will  also  cover  the  workings  of  tRe 
foreign  appHque  circuit  for  the  German  manufactured 
SiemaiB  RP40  ejcchanges  as  well  as  the  dperatioii  of 
SF  uni^s  and  VF  line  amplifiers. 

After  eaph  sec^pji  about, circiiit  bpcratiphs,  you  will 
do  somlL  troru  hies  hooting  to  recnforce  your 
understahwig  of  dircuit  operations  and  equipment 
interactibns\ 

2-1.  Swit_cht>bird  Applique  Circuit  and  DTMF. 

keyset  <^ 

.  \  ^1 

Tb<^;  switcHb^  circyff^ed  with  the 

basic  trunlcrcircu^  enables:  the  operSfcpto  place  ca lb 

into  the  AUTQyON  system.  Switchboards  may  be 

wired  (j)  fw  rqiitine calls  only  dM2)  for  both  routine 

and  precedence  calls.   

Along  valh  the  appliquircircuit,  a  DTMF  keyset  is 

connected  into  the  swi^hboard  circuitry  for  the 

placing  of  precedence  caUs  as  well  as  routine  calls.  In 

Ph^pcr  1  of  tlus  yblu'me,  we  discussed  the  DTMF 

Iceyset;  in  this  chapter  we  will  see  how  it^s  connected 

into  the  switchboard.  **  . 

8^.  Usirigfigtves2-Iind2-landfoldot]te5'and4as 
J^CL"^^  the  ictioiis  that  occur  iii'^the 
switchboard  appUqoe  circait^  interface  trunk  dreuits, 
and  DTMF  keyui  dt^^nff^  precedence  butgdinroall 
ft^^_  tlM  ittei^ail*i'>lb^tMt  and  darify  what  effects 
those  actions  hpve  <H|^wddated  eqidpnient. 

In  this  sjesuon^^  work  with  the  switchb^rd 
applique  arctll; '  which,      spite  of  its  fancy  nartfe'^'^ 
consists  of  little  more  than  a  few  relays,  as  shown  in  ^ 
figure;  3A,  JiC2,  and  sometimes  Jkl  (for  precedence 
calls)  in  foldoiit  3.  '  : 

.Jbe  DTMF  keyset  hooks  up  to  tfe  attendaht's 
cabinet,  as  shown  in  figra-e  2-1.  The  oTMF  keyset 
.QphtaT^  a  tone  generator,  a  16-key  pti^button  unit 
i  b9h_  ?L^^9I^?"PD  J^^ch,  a  CQUpli  ng  circuit ,  and  a 
•voltage  i-egulator  circuit:  Figure  2-2  shows  how  these 
units  are  hooked  together,  as  does  fbldout  4.  You 
should  recall  that  two  tones  are  ^nerated  by  pushing, 
a  specific  button  on  the  keyset  and,^  aiso,^  that  these 
tones  g<5^  to  the  AUTOVON  switch  without  being 


charij^  into  tone  bursts  by  the  SR^unit^  The 
precedence  net»^rk  out  dial  (PNOD)  from  the 
attendant  c^jii^to  the  AUTOVON  network  and 
Pf^ccdenw^'  dial   (PN ID)  from  the 

AtrfbVdN^ii5)lwork  to  tfie  attendance  cabinet  will  be 
discussed.       ^  /  ^  ! 

L^py  will  sornc  of  the  same  schematic  that  we 
have  discussed  in  Chapter  1 ;  There  will  be  Some  slight 
differences,  but  at  least  the  ground  you  go  over  should 
be  familiar  to  you.  ^ 

Pr^^^'^^e  Oiftjjoing^  Cajf  _fi;cSii  the  Att 
Cabinet.  Tlbis  description  of  circuit  operation  will  be  a 
priority  can  from  ah  operator  at  the  switchboard  into 
the  interface  equip  AUTQVQN  switch. 

Seizure.  When  the  attendant  iqser^s  the  call  cord 
ihto^the  pr ecitf  nee  jact^r^ou  via  the  K  lead  of  JK 1 
operates: i^l<ySPi«l«w  in  figure  3 A.on  foldout  3:  A 
loop  iJ  al*D  Jcl«^  relay  A  when  the  operator 
inserts  the  calF^d  into  JKl.  TTic  figures  used  in  thjs 
call  are  foldout  2,  figure  1  A,  and  foldout  3,  figures 
2 A,  3Ai  and  3K\,  Use  coordinate  C^l  for J|ie  correct 
T  and  R  to  start  on.  At  this  point:      '  ^ 

(1)  JP  rday  operates— JP  contacts  12T  and  13T 
complete  a  circuit  to  relay  PBY.  JP  contacts  4B  aiid 
5B  complete^  circuirto  relay  AL.  AP  contacts  68  and 
7B  complete  a  circuit  to  operate  fmy  OP  I  to  its  •^X'* 
contacts:  iPxontacts  8T  and  9T  complete  a  circuit  to 
relay  PSL/JP  contacts  12B  and  1 3B  complete  a 
drcuit  tg/^Guml  the  fup^ryisory 
circuityfor  coro^  supervision:  The  cord  supervisory 
lanipy^ghts.  JP^^ohtacts  lOTa^d  IIT  provide  a  hold 
patlyfor  _ 

—A  contacts  7  and  8  complete 
AS.  A  contacts  2  and  3  Complete  a 
A'contacts  4, 5.  and  6  change  the  M 
n-hook  condition  to  its  ^off-hook 


-At  relay  serves  no  function 


(2)  A  rej^ 
aj  circuuHfo  r< 
qrcuitjoo  relay 
le(ad  from  its 
cohditioh.  

(3)  At  rel^  operates 
at  this  time.  ^  '  : 

(4)  OPl  fday  operates— OPI  cclay  operates  to  its 
pX^  contacts  1  and  2^  providing  its  full  operating  path 
and  hold  path. 

($)  PSt  r<i[ay  (wfates— PS  t  contacts  12B  and 
13^  flighl  the  pipcedence  .busy  lamp  on  the 
switcl 
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Figure  2-1.  PABX  SWBD  DTMF  position  af^^oril  circuit  modification. 
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Figure  2-2.  DTMF  keyset  equipment;  functional  block  diagram. 


(6)  PBY  relay  operates— PBY  cbhtacts  I2B  and 
138  complete  a  cy-cait  to  relay  P2.  PBY  contacts  12B 
an(L  liB  complete  a  circuit  tG^^the  routlnj^  busy  lamp. 
'  ij)  P2  relay  bpcraies^P2  relay  serves  no  function 
at  thii^time: 


(8)  B^lay  operates- 
a  circuit'  to  relay  B 2. 

<9)  B2  relay  operates 
af  this  lime. 

(10)  AS  relay  dpcrati 


ntacts  6  and  7  complete 
y  serves  no  function 
cofitacts  4  and  5 


complete  a  circuit  to  rpray  ON,' 

(llj  ON  relay  oMratcs^^N  contacts  8  arid  9 
complete^  hold  patfi  for  relay  PSL.  ON  contacts  10 
and  LI  complete  a  circuit  to  relay  ONS.  ON  contacts  1 
arid  2  remove  idle  line  terriiinati on. 

(12)  bNS  relay  operates— ONS  contacts  6B  and 
7B  ground  ihe  HU  Ijcad.  ONS  contacts  _4B  and  5B 
grourid  the  C  lead.  ONS  contacts  4T  a^  5T.cbnipIctc 
a  hold  path  for  relay  At:  ONS  contacts  I2T  and  i3T 
complete  a  hold  path  for  PBY.  ONS  contacts  12B  and 
I3B  complete  a  hold  pat4l  for  P2.  ONS  contacts  lOT 
and  I  IT  complete  a  hold  ptath  for  B2; 


Ouipjd^ing.uS^^^i^n6sLni  sends  DTMi^ 
T  andrRlcadrto  AUTOVON  switch.  Rel 
at  this  time  are:  figure  I A  dri  folddut  2 
PBY,  P2;  A,  AS,  B;  ON,  ONS;  figure  2 
3— B2;  and/igure  3A  on  foldout  3—JP,  AL.  / 

AUTOyON  caltedparlv  a^^^  When  the  calljed 
party  answers,  ground  on  theE  lead  isxeturned  fron\ 
the  SF  signaling  unit  due  to  the  torie-off  coridition  on 
the  receive  line.  Relav  E^opcratiK:  These  actiorK 
follow:  C^^ 


.'(1)  ^  relay  operates— E  contacts  2  and  3  complete 
a  circiiit  to  relay  ESS.  E  contacts  4  arid  5  complete  a 
circuit  to  relay  ES.  >j  . 

_  (2)  ESS   relay   operates-^ESg   relay  serves  no 
functiori  at  this  time. 

.(3);ES  relay  operates^ES  contacts  2  and  3 
compfete  a  circuit  to  rel^y  SR.  ES  contacts  2  afCd  3 
complete  a  ia^^iiit  to  relay ^PT^    ■/_ 

(4)  SR  relay  operates — S'R  relay  serves  no  function 
attfiistimc.    ^:  i."^^ 

(5)  PT  relay  iCjp^  contacts  4  arid  5  cloS[ea-. 
circuit.to  relay 

(6)  R  V  relay  c^rates^RV  coritacts  6T  anj^  8T,  5B 
and  7B  reverse  the  polarity  of  leads  T  arid  R.  RV 
Qpn tacts  IT  and  2T  open  ihcjgio^d  on  the  sleeve  to 
me  .'iibrd  supervisbry  qrCiut  in  conjunction  with 
battery  reversal  for  SWBD  qord  supervision.  The 
cord  supervisory  lamp  goes  out. 

   ,   

dmversaiion.  ConversatLon  between  tl^i  calliw 

PABX  operator  arid  the  called  :parjy^t^kejj>lace^^ 

this  time:  The  following  rcl^]^ 'ffl-e^opers^  during^- 

conversation:  figure  lA  on  tbldoiif  2-j-4!)PIv  j^^fe 

PBY,  P2,  A,  ASvB,  ON,  ONS,  E;,E%^^,^^^^^^^ 

and  PT;  figure  3A  on  foldout  3'— JP,^At:r;fand  figure; 

2A  on  foldout  3 — B2. 


.  J^P^V'^<^J}^f_^^yi  l^  tlie  called  line  is  busy  or  the 
called  party  does  not  (answer  within  12  seconds,  the 
^  PABX  cquipriicrit  at  thfc  distant  end  wilLdivcrt  the  call 
tb  the  bpcratbr.  Th^refbre^  the  seqUcrice>will  b^  the 
same  as  the  called  party  answering;  ^ 

'  ^^eiease/  cnJUng  p^arty  disconnects  Jfirsr  W  he n  the 
attendant  disconnects  first  by  removing  the  call  cord 
from  JKt,  the  Ibbp  to  relay  A  is  operied  arid 
ground^  removed  from  the  K.  lead,  festbring  relay 
JP.  This  is  where  these  thLngS  occur:  _   

(1)  JP  relay  releases— JP  cbritacts  6B  and  7B  open 
the  circuit  to  relay, OP*!. 

(2)  A  relay  releases — A  coniacls  7  and  8  open  the 
circuit  to  relay  AS.  A  coritacts  2  arid  3  bperi  the  circuit 
to  relay  B  and  pat  it  on  slow  to  relcipe.  Relay  B  times 
out  and  releases.  A  contacts  1  and  2  complete  a  circuit 
tb^rclay  C.  A  cbhtacts  4  and  Sjchahge'fead  M  frbm  its 
off^iook  condition  to  its  on-hpok  condition: 

(3)  OP  I  relay  releases — OP  I  relay  serves  5^0 
f^irictibri  at  this  time. 

'^i^j  AS  relay  releases — AS  relay  serves  no  function 

1^  ,f5^)  C  iltlay  operates — C  relay  serves  no  function  at 
^      iie.  I  '  _  ,  J 

Jay  releases— _B  contacts  4  arid  5  open  the 
circoirto^relay  C  and  put  it  on  slov^o  release:  C  times 
but,  and  releases.  ' 

(7)  C  relay  releasesH-C  relay  serves  rib  functibri  at 
this  time:  ' 

A  UTOVCtN  ^/5ronn?m  jpcon^  When  the  q|^ed 
party  disconnects,  grqun^is  rcntoveifrom  the  E^cad, 
opening  the  dfcuit^td' rtlay  fc^rt^  the  fbllbwihg 
happens:  ^r"  •  ^ 

(1)  E  ?elay  releases— E  cbritaetlh4  and  5  open  the 
circuit  td  rcl^  pS.  E  contactsi^fcd  3  dpjf  n  the  circuit  * 

to  relayJESS^x  M^  y    ''  ]^ 

(2)  ESS  relay  f'cleases^ffiS  relay  serves  no 
function  atkhis  jfc^e:  "  ^ 

(3)  ES  TMy  r^ll6|^--ES  cQjPKts  2  and  3  open  the 
^jlPH^tcto  n|ay  SR^fpljl^i^^n  slbw  tc^ctease.  SR 
times  ^pt  and  releases,   ii  *  ^^^V^ 

(4)  SR  relay  releases— SR  contacts  4  ^i;^^i^open 
the  circuit  relay  ^P'T  and  put  it  on  sld^l^^  release. 
PT  times  oS  and*  relea^s.''SR  contacts  f  and  2 
complete  a  circuit  to  relay  P.  ; 

(5)  P  relay  contacts  9  and  \l-x^?^^  complete^ 
hold  path  for  itself.  P  contacts,  7  and  8  complete  a 
circuit  tQ  relay  PR.       •        .  ,  '4. 

(6)  PR  relay  dperates--PR  Cdntacts  ?T  ^nd  lOT 
complete  an  altcrtiate^groj^nd  for  the  precedence  busy 

I  am  p.  PR  c^^^te^^M^^^grovide  a  hold  path  for^  . 

(  (7)  PT  r^i^^HH^^HSpo ntacts  6  ^hd  7  open 
il^^drcmty^^ffljf^gfSl^isLCti  4  anci  5  bj^ri  t*he 
circit  ji^^^^i^^pHP^PjlH^  ^  and  5  oper^  the 
circuit  to  relay  ON  aSd^itliVpn  slow  to  rj^ease.  ON 
times  dut  and  tcleasesf        •         V  V 

(8)  P  relay  Veieases — P  relay  serves  pojfunctfan  a; 
this  time.  '  /  i 


RV  rciiiv  rclca!ic%    RV  coritiicts  M  ;ind  ?<l. 
and  7B  rcvcr%c  tiic  piii.iritv  oi  icads  1  and  R  (or 
rc\cr>c  battery  uipcrvisi()h 

(10)  ON  rclas  releases  ON  coritiwls  !()  and  II 
iDpcn  the  circuit  to  relay  ONS.  ON  contacts  S  and  ^ 
open  the  circuit  to  relay  PSL. 

Oil  PSL_  rciay  rclca^— PSL  contacts  12B  and 
i3B  open  the  circuit  to  relay  PR.  PSL  contacts  128 
and  13B  open  the  ground  on  lead  HU 

(12)  PR  rejay  releffiies  PR  contacts  9r  and  lOT 
extinguish  the  precedence  bus V  liirnp 

M3)  ONS  relay  releases  v-ONS  contacts  12T  arid 
\}J  open  the  circuit  to  relay  PBY  ONS  contacts  I2B 
^ahd  1 3 B' open  the  circuit  to  relay  P2.  OISS  contacts  4T 
arid  5T  Of^ri  the  circiiit  to  relay  AL. ONS  contacts  4B 
and  5B  reniove  the  ground  on  C  Icadi  ONS  contacts 
lOT  and  I  IT  open  the  circuit  to  relay  82  and  put  it  bri 
slow  to  releiue.  82  timcir  out  and  releases. 

U4)  PBY  relay  releases -PBY  contacts  128  and 
138  extinguish  the  routine  busy  la rn p. 

(15)  P2  relay  releases -  P2  relay  serves  ho  function 
at  this  time 

(16)  AL  relay  releases — AL  relay  serves  rid 
function  at  this  time: 

(17)  B2  relay  releases  —B2  relay  serves  no  function 
at  this  time.  The  circuit  is  now  at  ribrrrial. 

Called  party  disconnects  jfjrst.  V/hcn  the  caHed  - 
party  discoriricctstlrst.  AUTO  VON  ret  Orris  the  2^600^ 
Hz  SF  tone.  caasing_thc  SF  signaling  unit  to  remove 
the  ground  on  lead  E,  E  relay  releases.  This  is  where 
these  things  occur: 

(!)  E  relay  rcJcascs  —  E  contacts  4  and  5  open  the 
circuit  to  relay  ES.  E  contacts  2  and  3  open  the  circuit 
to  relay  ESS 

(2)  ESS  relay  releases — ESS  rciay  serves  no 
function  at  this  time. 

(3)  ES  relay  releases— £S  contacts  2  and  3  open  the 
circuit  to  relay  SR  and  put  it  on  sipw  to  release,  SR 
iirries  but  arid  releases.  -  -    .    ,  _ 

(4)  SR  relay  releases — SR  contacts  4  and  5  open 
the  circuit  to  relay  PT  and  put  it  oh  slow  to  release. 
PT^  thirties  but  arid  releases.  SR  cbntacts  I  and  2 
complete  a  circuit  to  relay  P. 

(Sr  P  rtlay  operates— F contacts  9  and  I  1  cbriiplete 
a  hbid'  path  for  itself.  P  cbntacts  7  and  8  complete  a 
CtrcuitJo  relay  PR, 

,  (6)  PR  relay  operates— PR  cbntacts  9T  arid  lOT 
complete  an  alternate  ground  for  the  precedence  busy 
lamp.  PR  contacts  7B  and  8B  provide  a  hold  path  for 
itself:  '   : 

(7)  PT  rciay  releases — PT  contacts  6  and  7  open 
the  :eircuitvto  rclav  P.  PT  contacts  4  and  5  open  the 

*  circuit  to  relay  RV.        •        -  __    _  .  _ 

(8)  P  relay  releases— P  relay  serves  no  function  at 
fXhis  time. 

(9)  RV  relay  releases— RV  contacts  6^  and  8T.  5B 
and  719  reverse  the  palarity  of  leadsJTand  Rjo  return 
answer  supervision.  RV  contacts  IT  arid  2T  grourid 
the  siccvc  of  the  cord  supervisory  circuit  for  SWBD 


supcrvisuin  in  coniunction  with  rrvcrsr  h.ittciv  1  hr; 
cord  super  Msorv  lamp  liglus 

'  Cdlltnx .  party  disconfwcts  yt'cond  I  Ik  attendant 
rcrilbvrs  ihc  call  cord  Iroril  jack  .IK  1  I  his  i^pcris  the 
loop  to  rrlav  A.  and  removes  ground  Irom  the  K  lead 
rchciLsirig  relay  JP  Next,  these  things  liappcn; 

( i)  ;IP  relay  releases  Jl'  contacts  hB  and  7B  open 
the  circuit  to  relay  OP  I. 

\1)  OVA  ?elay  releases  OP  I  relay  serves  no 
(unction  at  this  time 

(3)  A  relay  releases  -  A  contacts  7  arid  8  open  the 
circUit-to  relay  AS.  A  contacts  2  and  3  open  the  circuit 
to  relay  B  and  put  it  on  slow  to  release.  B  times  out 
arid  releases.  A  coritacts  I  arid  2  corriplctc  a  circuit  to 
relay  C:  A  contacts. 4  and  5  change  lead  M  from  its 
ofF-hopk  condition  to  its  on-hook  condition.  " 

(4)  C  relay  operates --C  relay  serves  rio  furictiori  at 
this  time: 

(5]rB  relay  releases  — B  contacts  4  and  5  open  the 
circuit  tb  relay  C  arid  put  it  on  slow  to  release.  C  times 
out  and  releases. 

(6)  C  relay  releases —C  relay  serves  no  function  at* 
this  tinlc. 

(7)  AS  relay  releases — AS  contacts  4  and  5  open 
the  circuit  to  relay  ON  and  put  it  on  slow  to  release. 
ON  times  out  and  releases. 

(8j  ON  relay  reieases-r-OJS  contacts  lOand  1  i  open 
the  circiiit  tb  relay  QNS.  ON  cbntacts  8  arid  9  operi 
the  circuit  to  relay  PSL. 

(9)  PSL  relay  releases— PSL.contacts  l2Band  I3B 
bpcn  the  circuit  to  re[ay  PR,  PSL  cbritacts  I2B  arid 
!3B  xeraave  ground  from  lead  HU  __   

(10)  PR  relay  relcasc5-^PR  cbntacts. 9T  and  lOT 
extinguish  the  precedence  busy  larnp. 

til)  ONS  relay  releases — ONS  cqntacts  I2T  and 
13T  bpen  the  circuit  to  relay  PBY.  ONS  contacts  I2B 
and  13B  open  the  circuit  to  relay  P2:  ONS  contacts  4T 
and.  5T  open  the  circuit  to_ relay  AL.  ONS  contacts  4B 
atid  5B  remove  ground  from  lead  C  ONS  cbritacts 
lOT  and  I  IT  open  the  circuit  to  relay  B2  and  put  it  on 
slow  to  release,  B2  times  out  and  releases. 

(12)  PBY  relay  reieascs-^PBY^^^^  I2B  arid 
I3B  ixtingtiish  the  routine,  busy  lamp 

(13)  P2  relay  releases— P2  relay  serves  no  function 
at  this  time. 

(14)  AL  relay  v  releases — AL  relay  serves  no 
furictibri  at  this  tiriie. 

( !5)  B2  relay  releases— B2  relay  serves  no  function 
at  thisJtme.  The  circuit  is  now  at  normal. 

.  Precedence  (3iitgojng  Call  from  the  Attendant's  ^ 
CabineU  When  All  Access  Lines  Are  Btsy.  lli  bbtam 
an  access  Hi*  for  ji  high  precedence  biitgbfng  caU 
when  all  trunks  are  busy  with  precedence  calls,  the 
atteridant  must  break  iri  bn  the  lowest  prcedencc  call 
and  announce  that  the  access  line  muBt*bc  used  for  a 
higher  precedence  call.  The  attendant  then 
disconnects  the  established  call  and  reseizes  the  access 
line  after  it  becomes  idle.  The  sul»equent  operation  is 

i7C 


5^7 


the  same ^ its  the  precedence  outgoing  call  already 
described. 

ExcrchiK  (806): 

1.  What  is  the  relay  operation  that  causes  the 
precedence  busy  lamp  to  light?  Start  a!-  the 
applique  circuit. 


2.  When  the  operator  sci/cs  the  trunk  for  a 
precedence  call,  what  prevents  a  PABX  subscriber 
at  cither  end  from  accessing  the  trunk'' 

> 

3.  What  is  the  relay  operation  that  causes  the  cord 
supervisory  lamp  to  go  out  on  a  PliOD  call?  Start 
by  changing  the  condition  of  the  E  fead. 


4.  baring  the  release  of  a  precedence  outgoing  call 
from  the  swilchboard,  what  prevents  the  local 
triirik  circuit  from  being  seized  by  a  local 
subscriber  or  the  operator,  when  the  operator 
disconnects  first,  until  the  distant  subscriber  Kangs 
up''  V 
'  ■  \' 


5.  When  tKc  operator  removes  the  cord  from  the 
preccdeiKe  jack  and  relay  JP  releases,  what  is  the 
path  that  keeps  the  precedence  busy  lamp  lit? 


6.  When  the  '^bpcratbr  depresses  buiioij  6  on  the 
DTMF  keyset,  what  occurs  and  what  is  the 
resulting  circuit  action?  (Use  fold  out  4.) 


Using  figir e  J  A  oh  «tid  fijjre  3  A  oh 

foidoot  3  *s  needed,  identify  the  actions  that  occur  \n 
.the  switchboi^  and  interface  trunk  circuits 

during  a  ^PNID  call  and  stmit  «vhat  efTeets  those 
actions  have  on  associated  circuits. 

Now  that  you  have  gone  through  a  PNQD  call,  let 
us  sec  how  th«c  circuits  work  during  a  PNID  ckll  that 
ii  d i vert cd  to  t he  at tc nd a ri t' s  ca bi net . 
_  Divmion  of  a  PNID  Gall  Not  Answered  Within  12 
^^^jS^pnds.  This  dcscriptibri  of  circuit  operation  will  be 
similar  to  a  PNID  call:  The  difference  in  circjiit" 
operation  will  come  when  the  I2-second  timer  times 
but  and  the  called  party  has  not  answered.  

Sei2ure:  When  AUT0V0N  goes  off-hook,  ^ound 
is  applied  to  lead  E  via  the  SF  signaling  unit.  Relay  E 
operates.  Here  these  actions  follow: 


(I)  E  relay  operates  E  contacts  4  and  5  complete 
a  circuit  to  reia>L.ES.  V  contacts  2  and  3  complete  a 

circuit  to  relay  ESS   ^ 

^  (2)  ES  relay  operates-  ES  contacts  2  and  3 
complete  a  circuit  to  relay  PT.  ES  contacts  2  and  3 
complete  a  circuit  to  relay  "SR.  ES  contacts  7  and  8 
complete  a  circuit  to  relay  IN, 

(3)  ESS  relay  operates  —  ESS  contacts  8  and  9 
completq  a  circuit  to  relay  ON.  ESS  contacts  8  and  9 
complet<^  a  circuit  to  marR  the  trunk  bus>  io  outgoing 
calls  by  grounding  lead  €: 

(4)  PT  relay  operates — PT  rcfay  serves  no  function 
at  this  time. 

(5j  SR  reiay  operates — SR  relay  serves  no  function 
at  this  lime. 

_{6rlN  relay  operates— IN  contacts  8B  arid  9B 
complete  a  circuit  to  rclay_LNS~  IIS_contacts  2T  and 
3T,  2B  arid  38,  AT  arid  5T,  8T  and  9T  complete  a  loop 
to  seize  the  incoming' selector: 

(7)  INS  relay  operates— INS  contacts  8  and  9 
complete  a  circuit  to  relay  I M. 

(8)  IM  relay  operates — IM  contacts  8  and  9 
provide  a  hold  path  for  iiscir 

'"^L^jy  OF^r^ates — ON  cbritacts  10  and_  1 1 
complete  a  circui,t  to  relay  ONS:  ON  contacts  I  and  2 
removes  the  idle  line  termination,  ON  contacts  12  and 
13  complete  a  c!rcuit_to  relay  WK. 
__(10j  iDNS  relay  operates— ONS' contacts  4b  And 
5B  complete  ah  alternate  ground  bri  lead  C.  ONS 
contac\  6B  and  7B  ground  the  HU  lead;  ONS 
contacts  lOB  and  1  IB  complete  a  circuit  to  light  the 
ro ut i rie_ b lis y  1  a mp  o ri* t he  s wit t ht)bar d.  ONScbriiacts 
4T  and  5T  change  the  path  for  relay  IN  from  its 
operate  path  to  its  hold  path.  ' 
_  Ql)  WK  relay  operates-- WK  contacts  5  and  6 
complete  a  cirj::uil  to  relay  B2.  WK  contacts  3  and  4 
connect  lead  WK2_lo  Jcad  WK  l,  placing  an  off-hbbk 
condition  on  lead  M  starting  the  wink-start  signal  to 
AUTOVON.  ^  - 

(I2j  B2  relay  bf^Tatts—B2  cbrita^^^  open 
the  circuit  to  WK  and  put  it  on  slow  to  relea^:  WK 
tim^  ©ui  and  releases.  B2  contacts  7  and  8  complete  a 
hbld  path  fbr  itself.    ___  _i  _ 

(13)  WK  relay  relcascs-T-Wk  contacts  3  and  4 
disconnect  lead  WK2  from  WK  I,  returning  lead  M  to 
its  brnhbbk  cbridiiion,  ending  the  wink-start  signal  to 
AUTOVON.  , 

Pulsing  of  precedence  digiti  on-haofc  AUTOVON 
will  send  the  precedence  digit  (.1,-2;  3,  or  0)  after 
receiving  the  wink-^tart  signal:  This  is  done  with  a 
series  of  tone-on /tone-off  (ori-hook/ofT-|ipok)  tone 
burst.  Duririg  bri-hbbk,  gfbund  is  applied  lb  the  E 
lead  via  the  SF  signaling  unit  releasing  relay.  E.  At  this 
point,  these  ihirigs  take  place:  '  v 

(1)  E  relay  releases— E  contacts  4  arid  5  open  the 
circuit  to  relay  ES  E  contacts  2  and  3  open  the  circuit 
to  relay  ESS. 

(2j  ES  relay  releases — ES  relay  serves  no  function 
at  this  time: 


(3)  ESS  relay  releases  — ESS  contacts  I  and  2 
complete  a  circuit  to  relay  _C. 

(?)  Q  relay  bpcrates— C  contacts  10  arid  ,11 
complete  a  circuit  to  RSi: 

(5^  RS!  magnet  operates— rotary  switch  RSI  is  aii 
indirect  drive  switch.  It  will  drily  step  whcri  RSI 
releases: 

^ff-hook.  Ground  is  reapplied  to^  the  E  lead 
reoperating  relay  E.  Next,  these  actiom  take  place: 

(1)  E  relay  operates — E  contacts  4  arid  5  complete 
a  circuit:  to  relay  ES.       _  _ 

(2)  ES  relay  operates— ES  relay  serves  no  function  , 
at  this  tiine. 

(3)  ESS  relay  operates— ESS  contacts  1  and  2  open 
the  circuit  to  relay  C  arid  put  it  on  slow  to  release. 
Relay  C  will  not  time  out  daring  pulsing.  ESS 
cbntacti  Id  and  1 1  open  the  circuit  to  RSI. 

(4)  RSI  magnet  releases — RSI  will  step  the  rotary 
switch  to  the  dialed  level: 

Dial  pause.  During  dial  pause  relay  C  times  out  and 
releasoL  These  things  next  happen; 

(1)  C  relay  releases- C  contacts  3  arid  4  corilplctc  a 
circuit  to  relay  DE. 

(2)  DE  relay  operates— DE  contacts  7  and  8 
provide  a  hold  path  DE  contacts  9  and  10 
complete  a  circuit  to  relay  PR.  DE  coriacts_5  and  6 
will  remove  the  short  on  leads  ^  arid  B I .  The  <«^xt 
digits  received  will  step  the  PABX  switch  train:  ^ 

(3)  PR  relay  operates— PR  contacts  9T  and  lOT 
complete  a  circiiit  lo  thc  prcccdcnw  busy  lamp.  PR^ 
coi^tacts  7T  and  8T  complete,  a  circuit  to  xelay  AR, 

(^)  A R  relay  operates— AR  contacts  6T  arid  7T/ 
8B  and_9E  complete  a  drcuit  vt&  the  repeat  coils  to 
return  precedence  ring  back  tone,  A R  contacts  I2B 
and  I3B  complete  a  circuit  to  start  the  12-secbrid 
timer timer  T2:  A R  contacts  5B  an^  6B,  2Band  3B 
change  the  loop  to  the  incoming  selector. 

Pulsings  ^  PA  BX  subscriber's  number:  on-hook, 
AUTO  VON  will  rib  w  scridqri-hbok/ off-hob 
to  step  the  PABX  switch  trainio  the  called  subscriber. 
Ground  is  removed  from  the  E  lead  releasing  relay  E. 
This  is  where  tjiesc  actions  bcciir: 

(1)  ^[i^ay  releases— E  contacts  4  and  5  open  the 
circuit  8>  relay  ES.  E  cpntacts2  and  3  opcn  the  circuit 
to  relay  ESS.  E  contacts  6  and  7  open  the  loop  to  the 
incdnun*g  selector. 

(2)  ES  relay  releases — ES  relay  serves  rib  furiction 
at  this  time.  _ .  _  ^        _  i 

(3)  ESS  relay  releases— ESS  contacts   I  arid  2 
cbmplctc  a  drcii[t  tbTclay  C.        ,  _ 

(4)  C  relay  operates— G  contacts  8  and  9  short  out 
the  resistance  of  SP  windirig  duririg  pulsirij.  C 
contacts  12  and  13,  6  and  7  place  capacitors  €-5  and 
G-6  m  parallel  with  repeat  coils  during  pulsing. 

dff-hooh  Grouni  is  reapplied  to  E  lead, 
rcoperating  relay  E.  Here  these  actions  happeri: 

(1),  E  relay  operates — E  contacts  4  and  5  complete 
a  circtiit  to  relay  ES.  E  contacts  2  and  3  complete  a 


circuit  to  relay  ESS:  E  contacts  6  and  7  complete  the 
loop  the  incoming  selector.  The  selector  has  takeq  one 
step  now.  Pulsing  of  the  other  digits  would  be  the 
same.  __  .  *  .  . 

(2)  ES  relay  operates— ES  relay  serves  rib  furictibri 
at  this  time: 

(3>  ESS  relay  operates — ESS  contacts  I  and  2  open 
the  circuit  tb  relay  C  arid  puts  it  bri  sibw  to  release.  C 
will  not  time  out  during  pulsing: 

Dial  pause.  C  relay  ^limes  out  and  releases  during 
dial  pause.  C  rciay. releases — C  contacts  8  and  9  open 
ihe  shbrt  bri  the  SP  windings.  C  contacts  12  arid  13,  6 
and  7  remove  capacitors  C-5  and  C-6  from  the 
circuit. 

PNJD  call  pof  answere^  withwi  12  seconds^  BccaxJ&t 
the  call  is  a  precedence  call,  if  the  subscriber  fails  to 
aris\ycr  or  the  line  is  busy  over  12  secbrids,  the  call  will 
be  divcr^dXP  the  attendant.  This  is  staricd  by  timer 
T2  timingll)Ut  ^and  placing  a  ground  on  the  output 
purichirig  No.  7.'*This  ground  bpNcratcs  relay  RBL. 

RBL*  relay  operates — RBt  contacts  8^  and  lO 
provide  a  hold  path  for  itself.  RBL  contacts  4artcJ:*;5 
complete  a  circuit  tb  flashj  the  prccedcrioe  an^cj 
lamp  at  60  1PM.  RBL  contacts  6  and  7  prepares^ 
path  for  relay  JP  w^hen  the  attendant  answers. 

AiiendanV  answers.  The  attendant  y/ill  rccogriize 
the  call  as  a  diverted  precedence  call  because  of  the 
flashirig  answer  lariip.  He  will  answer  the  call  by 
inserting  the  answer  cord  into  the  precedence  jack 
Jkl.  Ground  via  lead  K  operates  relay  JPy  Here, 
watch  for  these  acticjris;^  _    i  _         /  : 

(J)  jP  relay  operates — J P  contacts  5T  i^^nd  6T 
extinguish  the  flashing  precedence  answer  lamp.  JP 
cbritacts  lOT  and  1  iT  provide  a  hold  path  for  itself: 
1P_  contacts  6B  and_7B  corapicte  a  circuit  to  relay 
OP  1 .  J P  coritacts  1 2T  and  1 3T  complete  a  circuit  to 
relay  PBY:  JP  contacts  8T  and  9T  complete  5  circuit 
to  relay  PSL.  JP  contacts  4B  and  5B  complete  a 
circuit  lb  relay  AL.  11     -  1_ 

(2)  OPi  relay  operates— 0P1  "X"  contacts  I  and  2 
insure  a  lockup  path  and  hold  path  for  itself  before 
PBY  contacts  I  and  2  break  its  operate  path.  . 

NOTE:  i^BY  is  a  slow  to  operate  relay. 

(3)  PBY  relay  bpcrates- PBV  cbfltac^^ 

I3B  complete  a  circuit  to  relay  P2  and  provide  an 
alternate  ^buhd  tb  the  rbutirie  busy  lamp. 

(4)  P2  relay  operates— P2  contacts  3  and  4 
comple^te  a  hold  path  for  ijseif. 

(5)  PSL  relay  bperatcs— PSL  cbritacts  3B  arid  4B 
open  the  circuit  to  relay  PBL:  PSL  contajcts^7B  and 
8B  provide  an  alternate  ground  for  the  routine  bus^^ 

(6)  RBt  relay  releases — R^L  relay  serves  no 
function  at  this  time.  ^  , 

'  (7)  AL.rclay'  operates— i^L  contacts  1  aad  2  open 
the  hold  path  for  relay  IN  and  put  it  on  slow  to  relase. 
IN  times  out  and  relases. 


.  (8)  IN  relay  releases^ IN  cbrita^^^^ 
the  circuit  to^  relay  INS;  IN  contact^  it  and  2t,jB 
and  2B  complete  a*  circuit  to  relay  A  via  the 
aitehdaht's  cord  circuit.  IN  contacts  2T  and  3T,  2B 
and  3B,  4T  and  5T,  8T  and  9T  open  the  circuit  to  the 
incomirvg^selettcu^  and  PABX  switch  train.  IN 
contacts  6T  and  7T  open  the  circuit  to  relay  DE: 

(9)  DE  relay  releases~DE  relay  serves  no  function 
at  this  time. 

(10)  INS  rtlay  releases— INS  contacts  1  and  2 
complete  a  circuit  to  relav  RV. 

(11)  relay  bpcrates-^RV  cbhtacts  and  ST, 
5B  arid  7B  reverse  the  polarity  of  T  and  R  -RV 
contacts  1T_  and  2T  open  the  sjccvc  of  JKl.  This 
provides  ,  for  prdj)er  SWBD  supervision  in 
conjunction  with  reverse  battery., 

(12)  A  relay  operates— A  contacts  7  and  8 
cbmplctc  a  circuit  to  rclay^  AS.  A  contacts  2  and  3 
complete  a  circuit  to  relay  B.  A  contacts  5  and  6  place 
-48V  on  the  M  lead  l^off^hbbk)  to  sjgrial  the  distarit 
*cnd  that  the  called  party  has  answered:  This  places ihe 

■^S^ook  supervision  on  the  M  lead  under  control  of 
the  attendant.  i 

(13)  AS  fdj^y  operates — AS  relay  serves  no 
function  at  this  time. 

(14)  B  relay  oj^rates^B  contacts  1  and  2  operithc 

circuit  to  relay  A R:  »  —   

__(15)  AR  relay  releases— AR  contacts  6T  and  7T, 
8B  and  9B  remove  thc  precedence  ring  back  tone: 

Converyation.  Co nversatfen  between  the  operator 
and  the  calling  subscriber  can  now  take  place:  The 
operator  will  complete  the  call  as  required.  The 
following  relays  are  operated  dUririg  coriVersatiori: 
figure  1 A  on  foldoiit  2— E,  £S;  £SS,  SR,_PT^  IM, 
PR,  A,  AS,  B,  ON,  ONS,  P^,  PBY,  OPl,  P2;  figure 
2A  oh  fbldoUt  3—82;  and  figure  3A  ori  foldout  3— 
JP,  Ah: 


Release,  calling  party  disconhects  jfirsL^  the 
calling  p^y  disconriccts  first,  AUTOVON  goes  ort 
.  hook  removing  the  ground  on  the  E  lead.  Relay  E 
release.  Next  these  thin^  hapj^h:  

(I)  E  relay  releases — E  contacts  4  and  5  open  the 
circuit  to_jclay  ES.  E  contacts  2  and  3  open  the  circuit 
to  relay  ESS. 

^        (2)  ESS   relay   releases— ESS   relay   serves  no 
functian_at  this  time. 

(3)  ES  relay  releases— ES  cbntacts  2  arid  3  open  the 
circuit  to  relay  SR  and  put  it  on  slow  to  release.  SR 
times  out  and  releases. 

(4)  SR   relay   rclcascs---SR   Contacts   1    and  2 
^  complete  a  cite u it  to  rela^^JP-  SR  contacts  4  and  5 

open  the  circuit  to  relay  PT  and  put  it  on  slow  to 
release.  PT  times  out  and  releases. 

(5\  P  relay  operates — P  contacts  9  and  1 1  complete 
a  hold  path  for  itself. 

(6)  PT  relay  releases.— PT  contacts  6  and  7  open 
the  circuit  to  relay  P.  PT  contacts  4  and  5  open  the 
circuit  to  relav  RV. 


;          _  ;.;5hi. 

(7)  RV  relay  releases— RrV  contacts  It  and  8T._6B 
and  7$  reverse  the.  polarity  of  leads  T  and  R.  RV 
contacts  IT  arid  2T  gfbUrid  the.  sleeve  of  l^e  ford' 
supervisory  circuit  for  SWBD  disconnect  supervision 
in  conjunction  with  reverse  battery.  ; 

Auendant  removes  ansy^er  cor^/.  The  attendant  will 
remove  the  answer  cord  frbrri  JK  l  Upon  recognizing 
disconnect  supervision:  This  will  open  the  loop  to 
relay  A  and  remove  the  ground  from  the  K  lead 
releasing  relay  JP.  Here,  watch  for  these  actions: 

(1)  JP  relay  releases— JP  contacts  6B  and  7B  open^ 
the_circuit  to  relay  OPL   __ 

(2)  OPl    rday   rclcascs— dpi    relay   serves  no 
function  at  this  time. 

(3)  A^  relay  releases— A  cbritacts  7  arid_8  open  the 
circuit  to  relay  AS.  A  contacts  2  and  3  open  the  circuit 
to  relay  B  anjput  it  on  slo^  to  release,  B  times  out 
and  releases^  A  contacts  1  and  2_complcte  a  circuit  to 
relay  C.  A  contacts  4  and  5  change  lead  M  frorii  its  . 
off-hook  condition  to  its  on-hobk  coriditibn.  

(4)  C  relay  operates — C  relay  serves  no  function  at 
this  time:  -  _ 

(5)  B  relay  releases— B  contacts  4  and  5  open  the 
circuit  to  relay  C  arid  put  it  on  slow  to  release:  C  times 
out  and  releases.  _ 

(6)  C  relay 'releases— C  relay  serves  rid  furictiori  at 
this  time.  ^       -  ^ 

(7)  AS  relay  releases— AS  cbntacts  4  and  5  bperi 
the  circuit  to  rclavQI^nd  put  it  on  slow  to  release. 
ON  times  out  a*ld  rclea^js_ 

(8)  ON  relay  releases  ^^N  contacts^  1^  open 
the  circuit"  to  relty  ONS,  ON  contacts  8  and  9  open 
thc_circuit  to  relay  PSL.  :  

(9)  PSL  relay  releases- PSL  contacts  12B  and  13B 
open  the  circuit  to  relay: PR.  PSL  contacts  l,2B  and 
13B  remove  ground  from  lead  HU.  \ 

(10)  PR  relay  releases— PR  contacts  ^T  and  IGT 
extinguish  the  precedence  busy.  lamp. 

ill)  ONS.  relay  rcreascs-^NS  contacts  12T  and 
13T  open  the  circuit  to  relay  PBY._ ONS  contacts  I2B 
and  l_3B  open  the  circuit  to  relay  P2.  bKS  contacts  4T 
arid  5T  bperi  the  drcUjt  to  relay  AL.  ONS'contacts  4B 
and  5B  open  the  ground  on  lead  C^ONS  contacts  l  OT 
and  1  IT  open  the  circuit  to  relay  B2  arid  pUt  it  ori  slbw 
tb  release.  B2  times  out  and  releases:  — 

U2j  PBY  relay  releases— PBY  contacts  12B  ai^ 
13B  extinguish  the  routine  busy  lamp.  PBY  contacts 
lOT  and  IIT  open  the  circuit  to  relay  IM. 

(13)  IM    relay    releases— I M    relay    serves  no 
furictibri  at  ttus  time. 

(14)  P2  relay  releases — P2  relay  serves  no  function 
at  this  tjnic.  ;      -  _   : 

(15)  AL    itlay    releases — AL    relay    serves  no 
function  at  this  time. 

(16)  B2  relay  releases— B2  cbritacts  L  arid  2 
complete  a  homing  circuit  to  RSI:  : 

(17)  RSI  magnet  operates- RSI  steps  self- 
interrupt  edly  to  its  home  position  arid  operis  its  '*ON*' 
contacts,  opening  its  homing  circuit.  The  circuit  is 
now  at  normal.  .  - 
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^  CaUed  pony  disconnecis  f}r$},  When  the  called 
party  disconnects  first,  the  atlcndani  wiii  get 
disconnect  supervisibn  on  her  call  cord.  She  will  then 
remove  the  answer  cord  trom  the  AUTOVON 
in^rf^pe'  trunk.  This  opens  the  loop  to  relav  A  and^ 
removes  groond  from  lead  K  releasing  relay  JP.  Next* 
these  things  take 'place: 

(1)  "  JP  relay  releases^— JP  contacts  6B  and  7B  open 
the  circuit  to  relay  OP  I. 

(2)  OPl  relay  releases— OPl  relay  serves  no 
function  at  this  time. 

(3)  A  relay  releases— A  c brit acts  7  and  8  open  the 
circuit  to_relay  As.  A  contacts  2  and  3  openjhe  circuit 

.  jtb  relay  B  and  p»ut  it  on  slow  lb  release.  B  times  out 
and  release;  A  contacts  ^  and  2 com plctc  a  ci4;GUii  to 
relay  C.  A  contacts  4  and  5  change  lead  M  from  its 
.   bfT-hbok  condition  to  its  bn-hook  condition, Signaling  ' 
AUTOVON  of  disconnect 

(4)  AS  relay  releases — AS  relay  serves  no  function 
at  this  tirlM^ 

(5)  C  relay  operates — C  relay  serves  no  function  at 
this  time.,  "  _  ' 

(6)  B  relay  releases— B  cbhtacjs  4  and  5  bpjeri.the 
tircuit  to  relay  C  and  puts  it  on  slow  lo  release.  € 
times  out  and  releases.  B  contacts  1  and  2  complete  a 
circuit  to  relay  AR: 

(7)  AR  relay  operates — AR  relay  serves  no 
fuoctibn  at  this  time. 

A  UTOVX^N  mscon^n  goes 
on-hook,- ground  is  removed  from  lead  E  releasing 
relay  E.  Watch'^here  for  these  actions: 

U)  E  relay  releases— E  contacts  4  arid  5  open  the 
circuit  to  relay  ES:  E  contacts  2  and  3  open  the  circuit 
to  relay  ESS.  ' 

t?)  A^?  Jlf^l^y  _ri^lcases— ESS    relay  serves 
functioTLat  this  time;  .  n 

(3)  ES  relay  releases— ES  contactsr^  and  3  open  the 
circuit  to  relay  SR  and  put  bri  slbw  tb  release.  *SR 
times  out  and  releases. 

_  (_?)_  ^?lay  releases ^SR  contacts  1  '  and  2 
complete  a  circuit  to  relay  P:  SR  contacts  2  and  3 
open  the  circuit  to  relay  PT  and  put  it  on  slow  to 
rcleas e.  PT  t i  mcs  b  Ut-  and  reJe ases. 

(5)  P  relay  operates — P  contacts  9  and  1 1  provide  a 
old  path  ifbr  itself.  ; 

(6)  PT  relay  releases-~PT  contacts  6  arid  7  open 
the  circuit  to  relay  P.  FT  contacts  4  and  5  open  the 
circuit  to  relay  ON  arid  put  it  on  slow  to  release.  ON 
times  out  and  releases.  PT  contacts  8  and  9  open  the 
circuit  tb  relay  AR. 

(7)  AR  relay  releases — AR  relay  serves  no  function 
at  this  time.  ^ 

(8)  P  relay  releases— P  relay  serves  no, function  at 
this  time: 

(9)  ON  relay  releases— ON  contacts  Idand  11  open 
the  circuit  to  relay  ONS.  ON  contacts  8  and.9  open 
the  circuit  to  relay  PSL.  '  \ 
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(10)  PSL  relay  releases— PSL  contacts  I2B  and 
i3B  open  the  circuit  to  relay  PR.  PSL  cbhtacts  I2B 
and  J  3B.  jcemove  ground  from  lead  HU. .  _ 

(11)  PR  relay  releases  =^PR  contacts  9T  arid  lOT 
extinguisl^the  precedence  busy  lamp. 

(12)  ONS  relay  releases —ONS  contacts  i2T  and 
l^T  open  the  circuit  tb  relay  PBY.  ONS  cbntatis  12B 
and  13B  open  the  circuit  to  relay.P2;  ONS  contacts  4T 
and  5T  open  the  circuit  to  relay  A ONS  contacts  4B 
'and  5B  open  the  grbUnd  bri  lead  C.  ONS  contacts  lOT 
and  I  It  open  the  circuit  to  relay  B2  and  puts  it  on 
slbw  to  release.  B2  times  out  arid  releases. 

(13)  PBY  relay  releases— PBY  cjfntacts  I2B  arid 
!3B  extinguish  the  routine  busy  lamp.  PBY  contacts 

]  IT  PP^n       circuit  to  relay  IM. 

(14)  IM  relay  releases— Ijl*  relay  serves  no 
furiciiori  at  this  time.  ^  ^ 

(15)  P2  relay  releases — P2  relay  serves  no  furictibri 
at  this  time, 

(16)  AL  ri;lay  releases— AL  reliay  serves  no 
'function  at  this  time. 

(17)  B2  relay  releases— B2  contacts  1  and  2 
complete  a  hbmirig  circuit  to  RSI.  ' 

(18)  RSI  magnet  opefates-^RSl  steps  self^ 
interruptedly  to  its  home  posilioit  and  opens  its /^ON** 
cbn|acts  bperiirig  its  homing  circuit.  The  circuit  is  now 
at  normal: 

  : 

Exerthes  (807):  ^ 

Use  foldbuts  2  arid  3  to  cbmplete  the  following. 

1:  What  circuit  action  is  resporisiblc  for  returning 
precedencejringback  tone  to  the  calling  paijty  of  a 
PNID  call? 


2.  What  circuit  action  occurs  between  12  and  15 
seconds  aftfr\the  precedence  digit  of  an 
unanswered  PNIB,  call  is  pulsed? 


3.  What  circuit  actions  occur  as  the  direct  result  of, 
the  bpcrator  answering  a  diverted  PNID  call? 


4.  During  a  PNID  call,  what  circuit  action  steps  t^e  . 
central  office  equipment  and  what  is  responsiSe 
for  that  circuif^action?' 


When  is  the  coi^dition  of  the  M  lead  rti  the  lockl 
trunk  circuit  changed  fbr  a  di^rted  PNID  call? 
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6.  What  contacts  pr'ST^idc  relay  JP  with  ground  for  its 
hold  path? 


5  ^ThQ  operator  is  ri  aware  of  a  diverted  PNl  D  call, 
because  the  precedence  answer  lamp  is  not  lit  or 
flasTfilig.  What  is  the  trouble  arid  how  would  vow 
oorrfect  It?  (Use  figure  3 A. on  foldout  3.) 


2-2.  Troubleshobtlhg    Switchboard   Applique  ^ 
Circtiit  and  DTMF  K^fni  > 

Now  that  you  arc  familiar  with  the  djxratidn  of  the 
trunk  circuit  and  how  it  works  with  the  switchboard 
applique  circuit,  let  us  sec  whether  or  not  you  can  find 
specific  trouble  causes  for  trouble  symptoms. 


2-3.  Foreign- Applique  Circuit 


/9P^-  Qiy<^n  iriterfiM^e,  switchlH>ird  applique,  m 
DTMF  keyset  trouble  sytfiptoms  and  using  foldouts 
2,  3,  and  4  as  needed,  identify  the  probable  causes  of 
trouble  aiid  Hie  corrective  action  for  each. 


Remember  the.  approach!  You  may  be  tired  of 
readiiij  ab<^ut  trdUblcsfidqtmg  being  a  systematic 
approach  used  with  a  knowledge  of  circuit  opcratioSs; 
but  it  is  still  true*  and  people  still  go  about  it  in  a 

^*?^P1^4^<^  itL^Jl?^     ^  y'^^_P^99^^A  through  the 
problemL  remember  to  use  the  approach  and  your 
knowledge    of    circuit    operations    to  make* 
troubleshooting  as  easy  as  possible  and  a  satisfying 
experience. 


AUTOVON  interface  equipment  at  most  oversea 
bascjs  has  foreign  applique  circuits.  This  is  needed 
because?  these  J^ocat ions  have  telephone  equipinerit 
that  has  been  made  by  a  foreign  manufacturer; 

In  this  sectibri  we  cover  only  the  applique  circuit 
used  to  adapt  the  German  mariitfac|Urcd  Siemens 
RP-40  switching  equipiSicnt,  but  an  understanding  of 
L^l^sc   circuits   will^^  you   with  principles 

necessary  to  work  on  n)ost  foreign  applique  circuits. 


]^^_"g  IpL^PM^s  2  and  5  aiuj  figure  2-3  as 
necessary,  identify  the  actiorK  that  occur  in  the 
foreigh  applique  circuit  during  an  NIO  call  and  state 
the  effects  those  actions  have  ori  associated  circuits. 


Exercises  (808): 

Use  foldouts  2,  3',  and  4  in  addition  to  the  description 
of  each  trouble  symptom  to  find  the  cause  and  state 
t)^  corrective  action  for  cath  in  these  exercises. 

I  puring  seizure  from  the  banks  of  the  local  selector, 
-i'  the  M-iead  condition  changes  from  ground  to 

open.  What  is  the  trouble  and  how  would  you 

correct  it? 


2.  The  incoming  selector  steps,  in  response  to  the 
precedence  digit  of  a  PNID  call.  What  is  the 
trouble  and  how  woulii  you  correct  it? 


3. 


On  a  precedence  outgoing  eall  ^  frbni  the 
switch  board,  the  rqutme  busy  l^amp  does  ribt  light. 
What  is  the  trouble  in  the  trunk  circuit,  shown'in 
FOs  2  and  3,  and  how  would  you  correct  it? 
Contacts  12B  and  13B  of  relay  are  not  the  cause  of 
trouble. 


4.  The  ihcbmihg  selector  fails  to  step  during  a  PNID 
call:  What  is  the  most  probable  ca^e  of  trouble 
and  "how  would  you  correct  it? 


Before  we  start  into  the  foreign  applique  circuit, 
you  need  your  eyei  open  wide.  The  schematic  diagram 
for  the  circuit  is  a  detached  contact-type  schematic. 
^  ^1  "J  y  is  d  r a w n  t q  el  i  m| nate  m a  hy  close  1  i  hes .  trtit 
also,  the  lines  are  all  shorter  ^and  direct  when 
corhpaifcd  with  all  of  foldout  2.  One  other  thing  you 
need  to  know  is  how  to  interprttthc  s>Ttibb[s  Used;  let 
us  provide  ynu  with  the  necessary. details  right. 

;  _  Symbojs.  Figures  2-3A  and  2-3 B  shows  thc  rnany 
symbols  used,  along  with  an  explanation  of  each 
symbol.  Sjncc  all  oJ  these  symbols  are  individually 
explained  in  the  fi^rc,  we  Will  hot  repeat  the 
explanations^  here:  There  ace,  however,  a  couple  of 
thin^  that  should  be  explained  further. 

J^^ii^^_"5i  _h4i  alw^  been  a  necessity  in 
schematic  reading  and  troubleshooting.  Foldout  5, 
found  in  a  separate  enclosure,  and  figures  2-3  A  and  2- 
3B  show  contacts  in  several  configurations,  with  only 
ont  contact  numbered. 

Cpntacnynake  to  a  higher  number  and  break  from 

a  lower  number:  This  means  that  if  you  sec  a  set  of 
make  contacts  with  the  number  "5**  beside  them  that 
contiurts  5  and  6  of  wto^yer  relay  it  is^^^  the 
relay  operates.  Conversely,  you  should  "gather  from 

seeing  a  set  of  break  contacts  with  the  number  **5** 
beside  them  that  coritiacts  4  arid  5  break  when  the 

relay  operates. 

With  this  information  and  th6  use  of  figures  2-3A 

and  2-3B  mastjrrcd.  you  arc  now  ready  tp  j)rbceed 

through  the  applique  circuit  (foldout  5)  and  the  trunk 

circuit  (foldout  2)  as  ari  incoming  call  and  an  outgoing 

call  are  processed:  

The   applique   circuit   is   located    between  the 

interface  trunk  circuit  and  the  central  office  switching 
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SYMBOil  1  ^  EX  PLA  N  a  TJ  on 


r 

DENOTES  A.SET  OF  BREAK  CONTAvCtS 

U  ^ 

2  * 

.    DtNOTES  BREAK  CONT*tTS  1  AND  2                               .  ^ 
NOTE:  BREAK  CONTACTS  ALWAYS  BREAK    FROM  LOWER  NUMBERED  CONTACT 

i  -    — —  —  

e 

DENOTES  A  SET^F  MAKE  CONTACT 

— 

{r-  ■ 

DEMOTES  MAKECONTACTS^i  AND  6 

NOTE:  MAKE  CONTACTS  ALV^TS  MAKE  70  HIGHER  NUMBERED  CONTACT 

"X"  CONTACTS,  MAkE-?^RST  "S^                             '  ' 

_  J  _  t 

     "  -  ) 

MAKE-BEFOR^-BREAK  CONTACT^'  ^ 

s 

BREAK.BEPORE.MAKE  CONTACT  ' 

INDICATES  TYPE  OF  ACUOYS  USED  IN  CONTACTS 

(r)  or  (^)^ 

DENOTES  A  SET  OF  UNUSED  CONTACTS                                   .  ' 

0112 

THE  Y  INDICATES  THAT  THIS  IS  THE  LAST  CONTACT  IN  THE  PItEUP  AND  THE  LAST 
CbNtACt  TO  OPERATE  (BREAK  CONTACTS  IN  THIS  INSTANCE) 

\ 

K 

 1.:.                                                          ...    _  .  .  .  •                 ...  .. 

THE  ARf?OW  INDICATES  THAT  THIS  WINDING  IS  IN  OPPOSITION,  MAGNETICALLY,  TO  THE 

OTHER  WINDING  OF  THE  SAME  RELAY.     THIS  SHOWS  THE  A-C  WlNOlNG  OF  RELAY  K. 

^                                                                  r  ' 

BATTERY 

:   — —  7^  —  

Jj 

e 

SLOW  TO  RELEASE  C  RELAY.   SHOWS  THE        WINDING  WITH  THE  d  TERMINAL 
'  CONNECTED  TO  GROUND.  THE  b-   WINDING  HAS  800  OHMS  RESISTANC^. 

1 

SLbW  to  OPERATE  RELAY 

ic 

o 
o 

!  + 

THE-FSYMBdL  NEXT  tO  THE  RELAY  IDENTIFIER    INDICATES  THAT  THii  RELAY  IS 
NORMALLY  OPERATED.                                        :^  , 

Figmc  2-3A.  Svmbols. 

SYMBOL    ^  __EXPLANATION  


R-13 
ISMf 

THIS  IS  RESISTOR  R-13   ITS  VALUE  IS  240  OHMS  AND  iS  RATED  AT  15  WATTS.   IF  NO 
WATTAGE  RATING  IS  ^HOWN    IT  IS  CONSIDERED  TO  BE  1  WATT. 

la 

MAKE-BEFORE-BREAK  CONTACTS  OF  RELAY  o  ' 

e 

THE  SYMBOL,  POINTING  TO  BREAK  CONTACTS  1  AND  2  OF  RELAY  C,  INDICATES^ 
SPECIAL  ALLOY  IS  USED  FOR  THE  CONTACTS:  USED  \H  TRANSMISSION  PATH  ONLY. 

r  . 

©E 

tHiS  PbiNt  IN  THE  CIRCUIT  IS  CONNECTED  TO  THE  CORRESPONDING  POINT  IN 
TRUNK  CIRCUIT  H-7565d-A.                      '                      '  y 

1 

  /  . 

THIS  THE  OPERATE  WiNblHG  FOR  THE   "X^rCONT ACTS 

^  -      y   OF  THIS  RELAY 

j_ 

o 
o 

up 

THIS  IS  A'50O  OHM   IMPEDANCE  COIL  AND  IT  HAS  NO  CONTACTS 

]  M 

ROTARY  MAGNET  FOR  A  ROTARY  SWITCH 

MM 

ROTARY_li^ERRtlPTER^  CONTACTS  1  AND  2.   THESE  CONTACTVfeREAK  WHEN 
THE  ROTARY  M^VSNET  OPERATES.  V 

I                                                   .  ^ 

MR 

ROTARY  OFF-NORMAL  SPRINGS  2  AND  3.  THESE  ARE  MAf^E  CONTACTS. 

A3 

MAKE  CONTA^CTS  3  AND  4  OF  THE  A3  RELAY. 

Figure  2-3B.  SyjVibols. 
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 :      .  :       .  .  ^  

equipment:  In  the  following  circait  descriptions;  the^ 
relays,  unless  bihcrwisc  designated^  will  be  in  the 
foreign  appiiquc  circuit.  --^ 

NID  Call.  Th&  is  a  call  coming  into  the  exchange 
from-the  A UTOVON  switch.  As  shown  in  foldoiit  2. 
the  action  of  the  trunk  is  t^^ame  as  that  explained  in 
Chapter  1  of  this  volume  and  will  be  touched  oh  here 
only  as  heeded  to  clarify  these  explaQatibhs. 


Seizure^  the  trunk  circuit  closes  a  loop  to  relay  1\ 
over  terminals  +L  and  — L;  sec  coordinates  A -6  and 
B-6  of  fold  out  5,  This  loop  is  closed  to  the  appiiquc 
circuit  when  contacts  6^and  7  of  relay  E  in  the  trunk 
circuit   make.  Tifc  ^{^nk  circuit  also  causes  the 


i    following  to  happen  in" the  applique  circuit: 

It  closes  ON  I  relay  to  ground  via  terminal  S. 

R  b  pc  IIS  a  fc  ha  i  h  of  co  htact  s  bet  wee  ri  tc  r  mi  na  Is  BS 
and      causing  CC  to  restore:  , 

It  lights  the  routine  busy  lamp  on  the  switchboard. 


NOTE:  Rc;lay  CC  is  normally  operated  from 
battery  in  the  idle  associated  trunk  circuit  'via 
••BS"  and  IC  wiring  options: 

.  These  things  then  occur:  \ 

(1)  A  relay  operates — contacts  5  and  6  close  a  path 
to  operate  relay  BJ.        '  .  ' 

(2)  CC  relay  releases — cojitacts   I  and  i-OMM?- 
removihg  battery  From  lead  C2  to  prevent  NODftll 
access  from  outgoing  selector  banks.  . 

(3)  On  1  relay  opcratcsr--cont^cts  5  and  a 
pat  h  t  o  6  per  ate  rel  ay  ON  2^  *    >^  i  i 

(4)  BJ  relay  operates— contact  29  and  30«provide 
relay  B J  with  a  hold  path;  contacts  lOahcf  I  I  ground 
lead  C  I  lb  the  incoming  selector;  and  cbhtac  7 
ground  wipers  A.,  B,  aad  C  of  rotary  switch  M. 

v(5)  ON2  relay  operated — it  perform^  ho  function  at 
this  tirhe. 


Quipi^ing  to  mcorhlng  selector.  When  the  E  relay 
in  the  tr^nk  circuit  starts  pulsing  in  response  to  the 
changinj^cohdition  of  the  E  lead,  its  6  and  7  contacts 
9P?h  and  close  the  circuit  to  tfe_  A  relay,  in  the 
appiiquc  circuit,  over  the  +t  and  — L  leads:  In 
response  to  tKc  first  impulse*  break  relay  A  relies. 
These  things  happen  then: 

(I)  A  relay  releases— contacts  I  and  2  place  ^ound 
oh  the  A I  lead  to  the  incoming  selector  and  contacts  3 
and  4^1dsc'a  path  to  rotary  magnet  M  and  relay  C.^ 
J2)  C  relay  opcr^es— ^contacts  8  and  9  place  800 
"•  ohm  rsistancc  battery  M  l'i^^  J^l  Ao.^hc  incoming 
selector.  This  splits  the  ptdsing  by  using  battery  and 
g*"9yh^  Vtysing  for  the  incoming  Selector  instead  of 
loop  pulS^^ng:  Contaas  5  a^L§  remove  ground  frbm 
wipers  A  and  B  of  rotary  magnet  M.* 

Initpulse  make.  D^uring  impulse  make,  contacts  6 
and  7  ofVelay  E  in  the  trunk  circuit  close.  This  closes 


the  loop  across  and  leads  to  relay  A:  Relay  A 
rcdpcratcs.  These  thihi^  occur: 

(1)  A  rday  operates— cbritacts  1  and  2  remove 
ground  from  the  A[  icad;  and  contacts  3  and  4  open 

S  the  path  to  ;hc  C  relay  (slow-to-releasej,  which  docs 
hot  release  until  dial  pause  and  the  rbtary  magnet  M 
§tcps  one  step: 

(2)  Rotary  magnet  steps— cam  springs  MR  (A-5 
oh  schematic)  go  bfr-hbrmal,  but  do  nothing  else  at 
this  time: 

_  _Tn%pulse  hpeak,  second.  During  the  second  impulse 
break,  the  same  events  occur:  The  second  digit  is 
outpulsed  to  the  incoming  selector,  the  rotary  magnet 
W  operates,  arid  the  C  relay  is  recricrgized  to  keep  it 

frojn  releasing.   

Imp uise  make,  second.  The  I bb  p  ac r oss  t  he     L  a  nd 
leads  opens,  closing  the  circuit  tojcclay  A.  These 
things  occur:  t  _ 

A  rclay^  q@»ratcs^b^^         i_  and  2  remove 
ground  from  terminal  A I  to  the  incorfiing  selector; 
and  cbntacts  3  and  4  open  the  path  to  the  rotary 
-^witch  M,  causing  it  to  step  to  the  secand  set  of 
contacts  and  place  relay  C  on  slow-to-release. 

(2)  Rotary  switch  steps  to  second  contact-^the 
ground  on  wi^r  C  closes  a  path  to  operate  relay  D  to 
its  **X''  contacts.  t  , 

(3)  P  relay  o (grates  to  its  *'X'*  contacts -Contacts- 1 
~  and  2  close  a  hold  path  to  ground  through  contacts  6 

and  '7  of  relay  BJ  to  ground. 

'Dial pause.  During  dial  pause  relay  C  times  out  and 
releases.  Then  these  actibhs  take  place: 

*  relay  releases — contacts  8  and  9  .  break 
removing  battery  from  thp  bl  lead  to  the  incoming 
sclj?ct  or.  C b rit  act s  7  arid  8  _cl  bse  a  p  pi  yjilig  ^ o ti hd 

^through  rMay  S,  to  the  bl  lead:  Contacts  5  and  6  close 
groiind^i^wipcrs  A  and  B  of  the  rbtary* switii^and 
rembve^ic  shUrit  from  the  AC  winding  of  rela^y^.D; 
allfeS|ng  It  to  operate  fully. 

*  '  i^!^fe^?'^y  bpcratcs  full y^cbqt acts  3  and  4  bpen 
prsiveln^M       rotary  switch  from  stepping  further. 


Duriftf  the  ricxt  and  sutecqiicrit  digits,  the  same 
circuit 'Actions  occur,  except  that  relay  D  remains' 
bpisratedv*  thereby  preventing  the  rotary  switch  from 
farther  stepping.  x 

'After  the  last  digit  is  dialed,  the  connector  tests  the 
l> •  J [  ihAJj  ™^  is  bus y ,  a  biisy  to ric  is  sc rit  bac k  J b  t he 
cailiifg  party  from  the  connector  through  the  applique 
and  tiruhk  drcuits.  , 

OaU<^d  tine  idle.  If  the  called  party's  line  is  idle,  the 
connector  rings  the  line.  When  thjt  called  party 
answers,  battery  thrbugh  a  750-bhm  mductance  cbil 
in  the  connector  is  placed  in  the  bf  lead,  operating  the 
S  relay  (B-2  on  print). 

Thereafter,  S  relay  operates— cbiltacts  6  arid  7 
place  the  bMd  or  negative  winding  to  thc  AI  lead;  and 
Gbritacts^  2  arid  3^  place  capacitors  C2  and  C3  in 
parallel,  increasing  the  capacitance  to  micrbfarad. 
Contacts  8  and  10,  and  i  1  and  121  reverse  the  battery 


to  ih<r  iruhk- circuit,  causing  relay  SP  in  the  trunk 
circuit  to  operaie. 

Called psstiy  han^s  up  first.  When  the  called  parly 
hangs  up,  750  ohm  ground  through  an  iriduciahce  coil 
in  the  connector  is  placed  on  the  Ai  lead,  causing 
relay  A2_  to  operate.  These  a.ctioas  occur:. 

^(1)  A2  relay  b pc rat ees— This  reverses  the  polarity 
^to  the  trunk  circuit,  releasing  relay  SP: 

NOTE:  After  a  few  seconds,  the  trunk  circuit 
removes  ground  from  terminals  S  -and  SH. 
causing  relays  OH  \  and  BJ  to  release  The  trunk 
circuit  also  opens  ihc  path  of  relay  A  and  closes 
battery  from  the  BS  terminal  to  terminal^ C, 
_  causing  relay  CC  to  rcopcrate.  _ 

(2)  BJ  relay  releases^^ontacts  10  arid  1 1  open, 
removing  ground  from  the  CI 'lead  to. the  incoming 
selector,  which  causes  the  selector  Jtp  release.  Contacts 
6  a  rid  7  open*'  t  he  pat  h  of  relay  D,  releasi  rig  it ,  a  rid 
contacts  5  and  6  close  a  path  to  the  rotary  switch  M. 
causing  it  to.  step  to  its  home  position.' 

(3 )  _0 N  I  rel  ay  _r e le ases — c d  rit  ac t  s  5  a  rid  6  hrt  a  k 
opening  the  path  of  relay  0N2,  which  remains 
operated,  until  capacitor  CI  discharges-  Contacts  1 
arid  2  close  a  path  to  relay  ON3,  causing  it  to  operate. . 

^  (4)  Relay  CC  operates.  re]ays  A  and  D  release,  and 
the  iricbrriing  selector  restores,  opening  the  S  and  A2 
leads: 

(51  PN3  relay  operates— contacts  8  and  9  and  10 
arid  11  9_lbse  paths  to  the  rout irie  arid  precedence  biisy 
lamps  on  the  switchboard:  Contacts  1  and  2  and  3  and 
4  open,  preventing  premature  seizure  from  the 
switchboard^  Contacts  5  and  6  break,  removing 
battery  from  leads  C2  and  C3;  this  prevents 
premature  seizure  by  an  NOD  call.  . 

(6)  S  arid' A2  relays  release  and  the  'rotary  switch  is 
ai  home— the  rotary  Switch  cam* switch  contacts  MR 
(i  arid  3)  operi  the  path  to  the  rotary  magnet.  j 

( 7)  O N^- fcT^y  _reJc ases — w h en  ca pad t qr  CI  h as 
discharge^,  relay  ON2  releases.  Contacts  1  and  2  open 
the  path  to  relay  bN3,  rclcasirig  it.       *  v 

(8)  ON 3  relay  releases— contacts  7  and  8  ^pcn, 
extJrigUis^rig  the  roirt^^  contacts  10 
and  1 1  open,  extinguishing  the  precedence  busy  lamp. 
Contacts  1  and -2,  3  and  4,  and  5  and  6  make, 
prcpafihg  the  circuit  for  aribther  call.  ^ 

Cdiiihg  party  ^angs  uj?  Xirsi.  (j 
ONI,  ON2,  S  are  operated:)  f 
because  SP  in  the  trunk  circuit  is 
which  in  turn,  is  held  through  SP 
party  hangs  up  too,  the  ensuing  seqiienccs  are  sam?  as 
thbse  cited  above.  ^ 


Exercises  (809): 

JtJse  foldouts  2  and  5  and  figures  2-3A  and  2-3B  as 
required  to  answer  the  following. 

1.  What  contacts  make  to  operate  relay  ON3? 


BJ, 

bthing  happens, 
held  through  A, 
When  the  called 


What  circuit  action  makes  the  C)N2rchiy  slow-to- 
rcleasc? 


3.  What  prtivcntsTSremalure  sei7urc  fbf  an  NOD  call 
during  releaiic  from  an  NID  caU? 


What  prevents  the  operator  from  initiating^  a 
routine  call  prior  to  complete  release  of  the  circuit, 
shbwn  iri  foldbut  5.  from  another  call? 


Whaj  happens  in  the 
foldout  5,  when  t^e  called 
call? 


i^iJC  circuit,  shown  iri 
pai*ty  answers  an  NID 


What  circuit  action  is  responsible  for  the  D  relay, 
in  the  applique  circuit,  shown  in  foldout  5. 
operating  fully? 


) 

810.  Using  foldout  5  as  necessary,  distinguish  aitiong 
the  actions  that  occur  in  the  foreign  appliaue  circuit 
dunng  an  NOD  calPaifd  pr«ient  t^he  efl|ect  those 
actions  have  on  associated  «|iiipnieiit. 

NOD  Call.  With  your  nlhv-found  cx^rtise  in 
readings,  a  detached  prinj^Achcmatic,  you  have , 
probablv  ft^und  that  it  teats  rcadirig  j)r[rits  thai 
contain  many  more  lines,  bet  us  now  take  a  look  at  an 
NOD  call  processed  through  to  foreign  applique 
circuit: 

Seizure.  Low  resistance  ground  to  lead  G2  from  the 
PJJll*^^ "  g_  _s cl  cct  6 r  ba  n k  vi a  i  he  6G^o  hm  wi  nd  i  n^  of 
relay  P  of  the  local  first  selector  causes  relay  N  to  i 
operate.  These  actions  occurf  ^ 

(1)  N  relay  operates — contacts  5  and  6  close  a  hold 
J)^b_tbjead  C2^  Contacts  9  iaiid  10  break  to  iriiprbve 
inhibited  test  conditions.  Cont^ts  1  and  2  make 
(p-5)  clbsirig  a  no  resistance  loop  across  the  and  ~ 
(RA  and  TA)  (D  and  E-6)  to  the  trunk,  circuit, 
operating  the  A  relay  in  the  trunk  circuit. 

fiNOTE:  .The  trOnk  circuit  grojinds  terminals  H6 
and  5.  causing  relays  BB  and  ON  I  to  operate  and 
removes  battery  from  lead  C  causing  relay  CC  to 
release.  - 

_  (2)  CC  relay  releases  and  relay  BB  operates— Jio 
furictions  arc  accomplished  by*  these  relays  at  this 
time: 


29 


(3)  ON  I  relay 
puth  to  reiuy 
open  the  short  cir 
2  was  shorted  irtiti 
relay  A  in  the  trunk 


tcji^-contiicts  5  and  6  close  a 
erating  it*  Contacts  3. and  4 
cross  inductance  coil  SF2..SF 
to  speed  up  the  operation  of 
uit.  Relay  ON2%pcratcs,  but 


does  ribthing  at  this  time. 


'  Didllhg,  impulse  hrehk.  During  im  pulse  break 
groand  is  placed  on  lead  A2,  operating  the  A3  relay. 
This  then  occurs: 

( 1 )  .  A  3  rei  ay  o  f>e rates  —  cb n  t acls .  I  and  2  b tea 
opening  the  loop  that  operated  thc^  A  relay  in  the 
trunk  circuit,  causing  it  to  release.  Contacts  3  and  4 
close  a  path  to  relay  CI,  caUsin|[_  it  to  operate: 

(2)  CI  relay  releases— contacts  1  and  2  make, 
improving  the  pulsing  path. 

.  Impulse  make.  Ground  is  removed  frorn  the  A2 
lead  and  relay  A3  releases:  These  actions  take  place: 
(1)  A3  re  iky  releases — c ont acts -JL  and  2  make, 
rcclosjng  the  loop  to  the  trunk  circuit/causin^  the  A 
"rcl^y^in  the  trunk  circuit  to>rc0pcrate:  Contacts  3  and 
4  opea,  causing  relay  CI  to  rejeasev 

; (2)  CI  relay  releases ^^losi rig  a  no-rcsistaiice  path 
through  contacps  3  and  4.  5  and  6,  and  7  and  8  and 
splitl  the  pulsing  path  backwards  through  contacts  1 
and  2. 

NOTE:  The  same  scries  of  cverits_  occim  for  the 
reinainder  of  the  impulse  breaks  and  makes  arid 
dial  pause.  '  ^ 

Calieci  party  answers  i\y^  hen  I  he  called  party 
answers,  relays  ES.  ES5,  and  RV  in  the  trunk 
circuit  operate  and  ground  is  removed  from  the  SP5 
terminal  allowing  relay  S2  to  operate. 

I^hcsc  things  happen:  S2  relay  operate — contacts  5 
and  6  place  capacitors  C6  and.  C7  in  ^ parallel; 
increasing  the  capacitarice  to  8  rnicrbfaraxis  jn  the 
transmission  path.  Contacts  1  and  2  break,  opening 
the  A2  'Jead.  and  contacts  7  and  8  make  doing  to  the 
other  side  of  the  transmission  path  the  same  thing 
contacts  5  and  6  did. 

Call  ing^p  rv  hangs  up  'first.  W  hen  t  he  cal  1  in  g  pa  rt  y 
harigs  up  ground  is  removed  from  lead  C2,  causing 
relay  N  to  release.  These  actions  take  pjacc: 

(1)  N  relay  .releases— ^britacts  j_  and  2  break, 
opening  the  ^oop  to  the  A  relay  in  the  trunk  circuit: 
Contacts  3  and  4  break,  opening  thcjpath  to  relay  S2, 
and  it  releases.  __  :  _:  _i  /  :    

(2)  Trunk  circuit  removes _gro aid  from_the  HG 
terminal— this  causes  relay  BB  to  release.  The  trcnk 
circuit,  after  determining  that  this  is  a  release  and  not 
a  request  for  DSA,  removes  ground  from  lead  5, 
releasing  relay  ONI  arid  put  battery  on  lead  C  to 
rcbpctatc  relay  CC: 

(3)  ONi  relay  releases— this  puts  the  ON2  relay  on 
slow-tb-releas^and  closes  ^  path  to  operate  relay 
ON3.    ^  '  < 

(4)  ON3  relay  operates—this  lights  the  routirie  and 
precedence  busy  lanips  arid  opens  other  circuits  to 
prevent  premature^,  equipment  seizure. 


(5j :C)N2  .  rciav  releases -this  happens  when 
c  a  pacit  or  CI  d  is  c  h  a  r  ge?i .  Cent  acts  1  a  ri  d  2  b  rea  k , 
opening  the  path  to  re[ay  ON3:  causing^t  to  release: 

(6j  ON3.  relay  releases— contacts  8  and  9  and  \0 
arid  1  1  break,  extinguishing  tfe  routine  arid 
precedence  busy  lartps.  Contacts  1  aod  2;  3  and  4,  and 

5  arid  6  make  pitparirig  the  circuit  for  ariother  call. 

^  .,    _    _  - .   _  _ 

Qjlled  pert}'  hpngs  up  first,  (Relays  BB,  N;  ONI, 
ON2,  S2  are  operated:)  Ground  is  put  on  termirtai 
which  short  circuits  the  S2  relay.  When  the  caller 
hwigs  up  tbb,^grbund  is  removed  from  terminal  C2 
and  relay  N  restores:  ^ 

Exercises  («10): 

Use  fbldout  5*tb  cbmplete  the  following. 

.1.  What  happens  in  the  trunk  circuit  when  a  local 
V   first  selector  seizes  it? 


During  an  NOD  call,  what  relay  contacts  transmit 
the  dial  pulses  to^he  trunk  circuit?  » 


3.  During  an  I^ODjkll,  what  marks  the  circuit  busy 
to  other  local  selectors? 


4.  During  an  NOD  call,  what  action  occurs  in  the 
applique'dcircuit  when  the  called  party' Answers? 


2-4.  Troubleshooting    the    Foreign  Apptiqii» 
circa  it  ^ 

Here  you  are  again;  you  have^just  found  out  how  it 
all  works  and  we  arc  about  to  put  troubfes  into  it  alL 
But  remember,  the  payoff  on  understanding  circuit 
operition  is;m  correcting  troubles.  As  long  as  the 
equipment  is  working,  we  dbn't  need  tb  know  how  it 
operates. 

811.  Given  farcign  applique  circuit  trouble 
symptoms^  ising  foldout  5  as  needed,  specify  the 
probable  causes  of  trouble  ai|d  give  the  corrective 
action  for  each. 

You  haN^e  studied  bpcratibri  of  fbi^ign  appiique 
circuits  both  here  and  in  technical  spfiooL  We  have 
also  covered  the  logical  apprbach  to  troubleshootirig 
previoifciy.  So,  without  further  ado.  let's  proceed  to 
the  exercises  and  see  how  well  you  have  mastered  the 
theory  of  operatioji. 
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Exercises  (811): 

Use  fold out»5  to  identify  the  probable  cause  of  trouble 
for  the  foilowi ftg  symptoms:  aiso,  state  the  corrective 
action  for  each. 

I. ;  puripg  release  from  an  NID  call,  the  rotary  switch 
[ails  to  step  to  the  home  position. 


^  2  During  an  NOD  call,  the  trunk  circuit  does  not 
respond  to  the  digits  dialed. 


3.  During  an:  NOD  call,  the  circuit  is  accessed  by 
another  local  selector. 


4.  During  the  release  of  an  NID' call  the  circuit  is 
accessed  by  a  local  select o?: 


2-5.  SF  signaiing  Set  and  VF  Line  Ampjifter 

JiVe  explained  earlier  what  the*^F  signaiing  set  and 
VF  line  amplifier  do  and  why  they  arc  in  the  circuit 
Now  you  need  a-  basic  idea  of  how  they  work,  YdU 
can't  test,  adjust,  oit  fix  equipmcnt  intelligently  if  you 
do  hot  have  an  idea  of  hbw«  it  works. 


812.  Using  foldoiit  7,  identify  the  actionsjhat  occur 
ill  the  SF  signalin|  set  and  sj^ci^  the  effects  thosr 
actions  have  on  associated  equipment.   

SF  Signaling  Set.  Thc^SF^ignaling  set  is  composed 
oF  two  largely  ihcjcpcridcnt  sectioiK,  the  transmit 
section  arid  the  receive  section;  each  jcctibn 
dixcUssed  separately  and  includes  subsoibcr  on-hook; 
ofPhbok,  and  dial  pulse  coriditi 6ns.  There  are  two 
relays  dsi^ated  K  l  in  the  SF  signaling  set  (foldout 
6).  One  is  in  the  oscillator  tinit  and  the  other  is  in  the 
coiit r ol  Unit .  1  n  t  he  descri  pt i  oqs  w  hi c  h  f ol I  b w,  the 
particular  Ki  relay  covered  is  identified  as  oscillator 
unit  relay  KI  or  control  unit  relay  Ki. 

Transmit  section.  With  the  local  sufecribcr  in  the 
on^h^K  cb ndi ti o n ,  t he  M  lead  is  _  at  gr bU Cd ,  the 
amplitude  control  circuit  consisting  of  transistor  QZis 
off,  and  the  bias  on  dickic  GRI  is  set  by  resistors  R8 
through  R 1 2^  which  act  p  a  voltage  divider:  ?Undcr 
th»e  conditions,  transistor  QUturns^n  and  goAeraJL^s 
a  2,600- Hz  tone  at  a  Ipw  level  (~36»dB)  that  is  coi/pled 

of  ^ans former  Tl  The 
amplitude  erf  oscillation  of  jD I  is_controlled  by  the 
amount  cf  Was  oh  diode  CK-I^^  Trarisistbr  Ql  is  a 
positive  feedback  amplifier  in  3^fi  a  portion  of  the 


,  output  from  the  collector  is  coupled  back  to  the 

'  emitter  through  Tl  . 

With  the  M  lead  at  ground,  and  the.  N  lead 
grouhdcd  through  the  operated  contacts  of  cdhtrol 
unit  relay  K  1,  the  transmission  cut  circuit  is  activated: 
Transistor    Q3    in    the    transmission    cut  _  circuit 

*  conducts,  energizing  bscillatbr  unit  relay  K  I.  Even 
when  the  N  lead  ahernately  changes  from  ground  to 
open  during  far-end  dial  pulsing,  oscillator  unit  relay 
KI  remains  qj^ratcd  throi^g^h  cap^cUx>r  CIO,  which 
discharges  during  the  momentary  open  states  of  the 
N  lead.  The:  operated  cbritacts  of  oscillator  unit  relay 
KI  place  a  short  circuh  across  the  voice* frequency 
input  terminus  and  remove  the  short  across  resistor 
Rl9,  placing  a  600-ohm  tcrmiriatiori  across  the 
trarisinit  Urie  terminals. 

When  the  local  subscriber  goes  off-hook  -48  volts  Is 
applied  to  the  M  lead,  forward  biasing  dibdc  CRK 
Thi^  turns  off  transistor  Ql  and  removes  the  2;60d«H^ 
signal  from  the  line.  In  addition,  the  steady  -48  voUs 
oh  the  M  lead  bauses  oscillatbr  unit  relay  K I  to  be 
deeriergized,  regardless  of  the  state  of  the  N  lead. 
Under  these  conditions,  the  transmit  line  is  connect^ 
directly  to  the.  vbicc-frcqUcricy  input  tcrminajs. 

When  dial  pulsing  is  initiated  by  thp^jocal 
subscriber,  the  M  leaui  is  alternately,  pi ace^d^t  O  arid 
"48  volts  DC  and  the  2,60J[>-Hz  tone' opnilator  JQ"!  is 
alternately  turned  on  and  off.  The  -?48  volt  DC  and 
ground  pulses  bri  tjic  M  lead  afeb^^amscs  transistor  Q2 
of  the  oiscillator  amplitude  comi^l  circuit  to  conduct 
through  -48  volts  DC  intone  st ate,  a nd  slow 
dischargirig^  capaciU>^  C}^^t\  iht  other.  When  the  M  ' 
lead  returns  to  ^ound,  _capacitor  C3  discharges 
thrbugh  resistors  arid  R 13  and  transistor  Q2.  The 
Q^l  dischargc>:^Ufrent  holds  transistor  Q2  on  to 
incrcase-thc  reverse  bias  voltage  ort  diode  CRI.  This 
,-^  iirgficr  reverse  bias  causes  tone  o«:Ul at br^^^ 

to  transmit  a  2,600-Hz  tone  to  the  far  end  at  a  higher 
Icvtl  (-24  dB)  duririg  the  pulsed  ori-hbok  state  than  iri 
the  steady  bn-hbbk  state.^^  _ 
"  To  .enable  the  2;6pd-Hz  tone  oscillator  to  operate 
quickly  on  the  grburid  pulse^f'the  M  fe«dr^-thc 
pbsitivcgbirig  transi^t  a^thc  collector  of  transistor 
Q2  is  couplW  to  tfep  emitter  of  2,600-Hz  tone 

*  pscillator  tiraif^tbr  (JL  P^ciUatW  _uni^  **^y  KI 
Remains  energized  during  dial  pulsing       i^cps  the 

ttansipit  Input  icrriiinals  terminated  to  (SOO  Grtims  and 
the  trareirut  oiitput  tert^       shorted  / 

During  local  subscriber  dial  pulsing^cliialpr  uiiit 
relay  KI  is  kept  energized  by  the'^bdtscapacitbr 
netwbrk  CR4,  CR3,  CIO,  and  C9:'  Whefc-thc  M  lead 
goes  to  -48  volts,  CflO  c^prges  through  GR4,  while  C9  . 
charge  thrbugh  diodes  CR4,_CR5,  arid  the  coir  b^^^^ 
oscil}^tor~iinit  relay  KI,  ener^ing  KI.  With  the  M 
Lead  at  ground.  C9  discharges  through  CR3,  wh^le 
ClOdischar^'thrbiighthecbll  of  osciriatbr  u^ r^lay  • 
KI  and  CRSf  keeprng  KI  erSrgized.  ^, 
_  /?4?c<?jv^_jec?ion:  With  t^ 

hooic^  incoming  2;6C^Hz  signals  are  coupled  through 
input  transformer  T3  and  enter  an  input  balance' 
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network,  the  input  balance  rietwbrk.  is;  a  resistance 
^hybrid  circoil  consisting  of  rcsUtors  R30.  R31.  R32. 
arid  R33.  The»-signai  is  then  coupled  to  a  filter  network 
consisting  of  thre^^  turied  to  2.600 

Hz.  One  circuit,  in'd  act  or  ti  and  capacitor  C5.  acts  as 
ari  aritircsbrianl  "parallel  network  and  is  in  scries  with 
series-resonant  iri^dUctoF-capacitd^  network  L2  arid 
C4.  Voltages  are  developed  for  only  a  narrow&and  of 
frequencies  arbund  the  2,6()0-Hz  antiresonant 
freqaency!  The  thir^  circuit  is  another  aritiresbriarit 
parailel  inductor-jcapacitor  network,  fa3  and  C6:  This 
network  and  the  series-resbnant  nctwbrk  L2  and  C4 
constitute  a  2,66b-Hz  rejection  filter.  Thr2,6O0-Hz 
narrow  bandpass  filter,  hi  and  C5,  passes  the 
si^aling  tone  t^the^lhrec-st^^  signal  tbnc  amplifier. 

The  signal  tone  amplifier  consists  of  trareiaors  Ql> 
Q2,  arid  Q3  cbriricctcd  in  a  common  emitter 
arrangement.  The  output  of ^Q3  is  rtrctificd  by  d|bdcs 
CR2  and  CR 3,  and  the  resultant  ne^tivc  DC  voltage 
js  4Pp[ic<^  JP:^I^*^L '^'^se  bf  .transistor  Q7  of  the  first 
threshold  detector: 

The  output  of  the  2,60(>Hz  rejection  filter,  which 
passes   other   v<)i«^  signals,   is  cbu piled 

through  capacitor  C3  to  a  two-sta^  guard  amplifier  ^ 
cbrisistirig  bf  cbmmbn  emitter  stages  of  transistors_Q4 
Q?-  T^^  _^MVP"?i^f  Q5  is  rectified  by  diodes  CRT 
and  CR8  to  produce  a  positive  DC  output,  which  is 
fed  thrbugh  resistor  R20and  diode  CR9  to  the  base  of 
transistoi^Q?  of  the  first  threshold  deiexi^br. 

To  keep:  the  output  of  the  g Hard  amplifier 
(L''^'?**st5>J"  Q?):{''omi5Fbdik:irig  a  false  ricHsignal-tonc 
indicfation  when  the  2,600- Hz  tone  is  present,  the 
guard  ariiplificr  is  disabled  by  an  amplifier  gain 
control  circuit  (transistor  Q6)  Avhich.  art  he  same  time, 
increases  the  gain  of  the  signal  tone  amplifier:  Under 
these  cbriditibris  brily,  the  negative  dc  output  from  the  : 
signai  tone  amplifier  (transistor  Q3)  is  applied  to  the"^ 
'base  of  transistor  Q7 

iiT^"^  i^^rst  threshbid  detector,  consisting  -^f 
transistors  Q7  and  Q8,  forms  a  Schinitt  trigger  circuit. 
When  the  base  of  Q7  is  negative.  Q7  conducts  and  Q8 
*^  ^^^  _T^J^:M9^critial  of  cbllectbr  Q7  is  near  jground. 
and  the  signal  selector  circuit  transistor  Q4  in  the 
bscillajtbr  unff  cannot  conduct.  As  a  result,  oscillator 
J^2j?i^'^f^^8»zc5'._and  its  cbritacts  cbrincct 
the  2,600- Hz  rejection  filter  in  series  with  the  input  to 
'■^^iy^c  :^^npl^*^r  transistors  Q5  and  Q6.  All  voice 
frequencies,  except  the  2.600- Hz  sjgnal  tonc^  are. 
ihercfbre.  amplified.  The  two-stige  receive  amplifier 
^  circuit  'With   a  gain 

adjustment  of  approximately  —8  to  4-12  dB.  provided 
by  the  RCV  LEVEL  control  (R24).  The  output  signal 
from  transistor  Q6  is  ajy?licd  thr^^ugh  but  put 
transformer  T2  to  the;  local  terminal  switching 
cqliipmcht. 


The  second  threshold  detector  cagjists  of  a  driver 
transistor  Q9.  arid  a  Schmitt  iM^cr,  tSrisistors 
QiO  and  Qll.  With  signal  tone  being  received  from 
the  distarit  icrriiirial,  the  driver  stage  is  conducting. 


With  Q.9  .on;  the  negative  poter^tiai  at  its  collector 
causes  QIO  of  the  Schriiitt  trigger  tbi:bnduct  arid  Q\  \ 
to  remain  off.  thus,  with  steady  sjgri^ihg  tbne  preserit. 
there  is  rib  output. fronithe  secorfd  threshold  detector. 
Therefore,  Gbritrol  liriil  relay  Kl  reriiairis  dencrgizcd. 
With:  control  unit  relay  Kl  deenergizcd,  ihc  E  l^ad 
reriiairis  open,  and  ground  on  the  N Jead  is  applied  to. 
^J^PJIf^'^  iSai'^  c^ritrbl  circuit  (Q6)  and  to  the 
transmission  cut  circuit  (trarsistor  Q^).  Transistor  Q6 
turris  bn.  forward  biasing  diode  CRj.  which 
effectively  parallels  resistor  R5  with  resistor  RAr  Xo 
increase  the  gain  of  the  transistor  Q2  sigfial  tone 
amplifier.  Transistor  cbriductirig  causes  transistor 
to  disable  giKird  amplifier  transistor  Q5.  The 
grbiind.  which  goes  through  control  unit  relay  KI 
N  lead  to  the  transmissibn'cut 
circuit,  causes  osciSator  unit  relay  Kl  to  operate. 
Opcratibri  bf  oscillator  unit  relay  Kl  shorts  the 
transmit  input  terminals  arid  terrniriates  the  transmit 
outpixt  temiinais  to  600  ohms. 

With  the  distant  subscriber  off-hbbfc,  no  signaling 
l<>rie  is  received  from  the  distant  end,  and  thcra^is  no 
-  ^.^^P^^^'i^J'^liBrial  tone  amplifier  trareistor  Q3.  This 
results  in  an  absence  of  negative  voltage  at  the  base  of 
transistbr  Q7.  causing  the  first  thrj^shold  detector  to 
trigger  to  its  off  St atiXi^^^^^  Q7  off.  Q8  on).  With 
the  first  threshold  detector  in  its  o^f  state,  the  Q8 
^^I'^^o^i  potential  cai^s  the  input  to  the  inverter  in 
the  pulse  modifying  network  to  charige  from  a  logic  0 
[g-bumlj  to  a  logic  I  (-48  VSrtsK  At  the  same  time  the 
R^A^"^*^  *^r^^  5M^ctbr  of  Q7  increases,  causing 
irarisistor  Q4  in  the  oscillator  unit  to  conduct.  Relay 
'^.^jy^'i^^S:.  L^rid  the  input  of  the  receive  amplifier, 
whi<ii  comes  directly  from  tiic  input  balance  network, 
is  unfiltered.  The  output  of  the  first  threshold  detector 
*l^Pl*^^Jji*i<^^^  pulse  modifying  net  work  to  the 

second  threshold  detector.  The  presence  of  a  signal  at 
the  ^»ase  bf  driver  ^tage  transistor  Q9  causes  the 
second  thrshold  detector  to  trigger  tb  its  off  state 
(transistors  QlOoff.  Qll  on):  With  Qll  conducting. 
^"9J^^ol  unit  relay  K.1  is  energized, 

with  control  unit  relay  K I  energized,  ground  is 
applied  to  the  Eilead,  The  N  lead  ground  that  was 
^PP**^^  ^^.^"^P'lClcT  ga^  (transistor 
Q6)  and  the  transmission  cut  circuit  (transistor  Q3)  is 
'■^^P^^d^  Wheri  ground  ia  removed  from  Q6,  it  stops 
conducting,  causing  guard^  ariiplifier  transistors  Q4 
and  Q5  to  conduct.  ThyVectified  output  from  Q5  can 
now  get  through  to  the  base  of  transistor  Ql  Since 
transistor  Qj^  is  not  conducting,  jt  no  longer  causes  a 
decrease  iri  the  emitter  resistance  of  transistor  Q2  in 
the  signal  tone  amplifier,  thereby  decreasing  the  gain 
bf  the  signal  tone  araplifier:  Thus,  a  2.6()0-H7  sigrial 
that  is  part  of  voice  frequencies  and  enters  the  signal 
tone  amplifier  is  not  likely  to  override  the  guard 
amplifier  output  from  QS  and  falsely  trigger  the  first 
thres|iold  detector  to  its  $>ri  state  (Q7  on).  ■ 
pulses  being  generated  by  the  distant 
mbscribcr,  the  mcoming  si|rial  at  iriput  transfbrmcr 
T3  cbnsists  of  intermittent  2,60d-Hz  tone  bursts 
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cbrrcspbndihg  to  the  diaJ  pulse  rate.  When,  the 
signaling  tone^U  present,  the  rectified  outp^^  the 
signal  tone  amplifier  (transistor  Q3)  triggers jthe  first 
'  threshold  detector  lb  its  on  state  transistors  Q7  on,  QE 
ofT);^  and,  when  tone  is  absent,  the  first  thccsHdld 
detector  returns  to  its  off  state  (Q7  off:  Q8  on).  The 
:  J ^  c lect br  th us  c h a rige s  state  in 
accordance  with  the  receiMed  dial  pulses. 

The  output  of  the  firet  threshold  detector  is  passed 
thmujh  the  pu^c  modify ihg  net to  provide  for 
variable  pulse  delay  The  pulse  modifying  network 
cbhsists  of  ah  integrated  circiut  made  up  of  an 
inverter  (NAND  gate  \*ith  one  active  input)  arid  two 
additional  NAND  gates,  each  of /which  has  two  active 
inputs.  The. cbllcctbr  bf^ahsistbr  Q8  feeds  the  firsts 
NAND  gate,  wiiich  acts  as  an  inverter.  Capacitor 
C15,  which  is  parallel  with  resistor  R50:  provides 
approximately  10  milH^  delay  in  the_  inverter 

output:  The  inverter  feeds  the  second  NAND  gate 
through  the  time  constant  of  resistance-capacitance 
network  R29,  R30,  R31,  ^nd  CIO,  which  provides 
another  signal  delay  of  jO  milliseconds  fqr  only  those 
inverter  output  changes  that  arc  going  pc^itivc.  The 
dutput  of  the  second  NAND  g^je  is  appltd  jb  the 
third  NAND  gate  through  R34,  R35:  R37:  d^nd  CI  1: 
Variable  pulse  delay  is  accomplished  by  adjusting  ^ 
R 34,  the  BIA,S  ADJ  control,  which  effectively  varies 
the  percent  break  of  control  unit  relay  Kt.  The  output 

J^^^  dpcratcs  the  second  thrcshb 
detector  driver  transistor  Q9  through  resistor  R39. 

While  dial  pulses  are  being  received,  the  amplifier 
gaiii  coritrol^ircuit  l4rarisislbr  Q6)must  b«  kept  bff  to 
allow  full  amplification  of  the  signal  tone  amplifier 
when  2,600^ Hz  signal  tones  arc  pr«cnt.  This  is  dbnc 
as  f dl  1  d ws^  as  s do ri  a s  t  he  sig na  1  i ng  t d tSe  js  i rit err upt cd , 
control  unit  relay  Kl  is  energiztfd,  diojde  CR4  in  the 
amjJlifier  gain  cbritrbl  circuit  is  forward  biased  by— 48 
volts,  and  capacitor  C5  charges  rapidly  through  CR4. 
When  the  signal  tone:  returns  and  control  unit  relay 
K:t'S^^^*l'^''_gi^cd,  CR4  is  ^ack  biased  by  i\K  grbund 
applied  on  the  N  lead*  and  Q6  is  held  off  by  the 
negative  potential  from  C5  applied  toMts  base. 
Capacitor  C5  di charges  slowly  thrdUgh  rcsistdr  RI7,' 
and  the  time  constant  of  the  circuit  is  such  that ♦Q6 
will  Ik  kept  off  for  300  mil  lis  ecb  rids  after  the  signaK 
tone  teturns:  if  the  signal  tone  is  a^in  interrupted 
beforjf  the  end  of  this  period,  the  charge  on  C5  js  , 
replenished  to  keep  Q6  off  for  aribther  300 
milliseconds  after  control  unit  relay  KI  is 
decriergized. 

Exercises  (812):  > 


2.  What  happens  in  the  SF  unit  when  the  trunk 
circuit  is  seized  for  an  NOD  call? 


3:  When  2:606- Hz  tone  stops  being  received  by  the 
local  SF  ilcontrol  unit)  unit,  what  reia>L operates 
arid  hbw  dbes  it  affect  the  trunk  circuit? 


4.  Which  diode:  in  the  SF  unit  (osc  unit)  is  i^n  the  path 
that  bpcratcs  relay  Kl? 


^13.  I'sinj  foldoia  7,  ide^rttifyt^he  functions  thai  occur 
m  the  VF  line  amplifier  and  state  the  effects  the 
ictidiis  Hive  eh  assbciated  eqtiiprheht. 


Use  foldout  7  and  the  text  to  answer  the  following- 
questibris. 

1.  With  the  trunk  circuit  idle,  what  relay  is  operated 
in  the  SF  unit? 


VF  Line  AmpMfler,  Since  the  VF  line  amplifier 
consists  dl^twd  identical  circuits  (fbldbut  7)~a 
transmit  amplifier  circuit  and  a  receive  amplifier 
cLrciiit— briiy  the  receive  amplifier  circuit  is 
discussed:  The  receive  signal^  from  the 
facility  enters  the  primary  of  input  transformer  Tl 
The  secbridary  bf  transformer  Tl  is  strapped  for  600- 
ohm  line  impedance^  A  receive  litK  (RCV  LINE) jack' 
circuit  acro^  the  primary  of  transformer  Tl  allows 
[or  _^<iujpment  tb .  t«  i  riserted  w  hie  h  brea  ks  t  he 
circuit  to  the  amplifier  and  looks  back  toward  the  line 
through  the  transformer.  The  signal  then  enters  an 
impedance  rictwdrk  cdrisistirig^  of  potent ibriieter  R2 
and  resistors  Rl  and  R3.  An  equalizing  network: 
cbrisistirig  bf  pblchtipmctcr  R4  and  capacitor  CI. 
follows:  This  network  teflds  td  jornl  a  cdnstarit 
impedance  so  that,  regardless  of  the  position  of  R2 
^tld  R4,  the  input  iThj3«  riarly  the  same. 

Capacitor  C2,  which  follows  the  equalizing  network, 
isolates  the  bias  voltage  on  transistor  Ql  from  the 
input  .rictwdrks.  Resistors  R5  a^odR  6  provide  the 
necessary^  Sas  for  operating  input  transistor  Ql: 
Resistor  RS  ahd  capacitor  C3  form  a  bypassed  emitter 
circuit  to  allow  full  g^in*  and  have  a  high  degree  of 
dcstabilizaticrn.  Resistor  R7  establishes- the  gairL  of 
input  transistor  QL  Inductor  LI  arid  capacitor  C15 
form  a  low-pass  filter  network  which  drcctly  couples 
the  collector  of  Q I  to  the  base  of  transistor  02,  which 
is  ari  cmitter  follower^  The  Ibw-pass  filter  rietwbrk 
restricts  the  bandwidth  to  that  of  the  normal  voice 
band.  The  but  put  at  the  criiitter  bf  Q2  is  coupled  into 
the  base  of  transistdi^Q3  via  capacitor  C4.  Reslslbr?* 
Ri  I  and  Rl2form  a  bias  network  for  Q3  m  the  power 
biitp^ut  stage. 

Power  output  stage  Q3  is  a  silicon  power  transistor, 
which  allows  full  power  output  even  at  high 
temperatures.  Resistor  R 13  is  the  criiitter  resistor  bf 
Q3iind  IS  partially  bypassed  hy  capacitor  C5:  Resistor 
R15.  in  .series  with  C5.  .sets  the  gain  of  Q3  to  rhc 
proper  value.  The  output  of  Q3  is  R-C  ccniplcd  to 
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^dutjjut   transformer  T2,  arid  fed   baci^.  to  input 
^transistor    Ql    via   ftcdbacir  resistor    Ri6:  this 
stabiiizo   the   gain_  and   impedance  .  over  a  wide 
temperature  ranjc.  The  secondary  winding  of  T2.  also 
"  strapped  for  600-dhm  line  impedance^;  is  connecieiio 
'  a  jack  circuii.  This  allows  the  output  of  the  amplifier 
to    be    tested    arid    discdrii^cis    ij_  from  output 
transformer  T2.  Resfstor  R33  and  capacitor  C 13  form 
a   decoupling  network,  which  provides  necessary 
trarisierit  and  noise  isdlaiiori  frqiti-thc  battery  supply: 
Resistor  R35  and  R36  are  dropping  resistors,  which 
provide  '24-yolt  DC  operating  potentials  from  the 
^S^voit  OC  battery  supply. 

*•     .  - 

Extrcsa  (813): 

I.  The  VF  line. amplifier  is  composed  of  how  many 
circuits? 


2.  What  docs  the  impedance  network,  consisting  of 
potentiometer  R2  and  resistors  Rl  and  R3,  do  in 
the  VF  line  amplifier? 


3.  What  is  the  function  of  the  loli'-pass  filter  netw^ork 
in  the  VF  line  amplifier? 

2-6.  Trbubleshopjihg^  the  SF  Sighatihg  Set  and 
VF  Line  Amplifier 

While  you  won^t  be  doini^^uch  in  the  way  of 
repairing  or  troubleshooting  the  SF  units  and  VF  line 
amplincrs,  you  do  have  to  l>e  able  to  determine  when 
they  arc  the  cause  of  circuit  trouble.  _ 

814.  CIvcri  ji  seri«   of  JituitioM  m^^ 
signmliifg  set  and  VP  line  gmptifier  trouble  symptoms 
and  iBiiig  foidouts  6  and  7  as  hecosaryt  identify  the 
probable  caus»  of  trouble  and  provide  the  ccHrective 
action  required  for  each  such  situation. 


To  this  pointy  you  have  received  an  admittedly*-, 
tightly  packed  amount  oiUnlormation  about  both  the 
SF  signaling  set  arid  the  VF  lirie  amplifier.  Along  w^^^ 
this  _vdU  have  been  provided  with  texi-rciated 
schematic  diagrams  found.on  foidouts  6  and  7  (bourid 
iri  a  separate  encjosurc).  So  you  have  the  fa^^^^^^^^^  You 
should,  and  likely  do;  know  what  to  do. with  this 
maicriai  whcn.  as  is  inevitable,  you  are  called  on  to 
troubleshbot  t>ie  SF  stgrialing  set  and  ^  VR  Jine 
amplifier;  But  do  you— can  you  really  successfully 
and  consistently  troubleshoot  these  items?  Let's  see. 

What  follows  is  a  scrics^of  hypothetical  situations 
revolving  around  this  signaling  set  and  this  line 
amplifier: 

•  You  find  relay  K  \  of  the  SF  unit  (asc  unit)  is  not 
operated.  The  trunk  is  cdmplet^cly^ldle. 

•  CaUcd  to  investigate,  you  disciiver  that  there  is 
rib  idle  termination  on  the  X  MIT  side  of  t  he  line. 

•  A  member  of  your  urilt  reports  that  the  VF  line 
amplifier  is  not  working.  He  says  its  b<fcause  -48 
volts  battery,  though  connected,  is  not  getting 
Into  the  ampUficr; 

Exercises  (814): 

Consult  foidouts  6  arid  7  as  necessary,  to  locate  the 
profebfe  causes  of  trouble  in  each  of  the  following 
situations,  providing  the  correct  action,  and  for  item  2 
t h  e  re asb  n  ^  jo  _r cs b I ve  the  p  rb  b  1  em  s  s  h o w  n . 
I.  What    problem   exists   when,    with    the  trunk 

completely  idle,  relay  KI  of  the  SF  unit  (osc  unit) 

is  not  operated? 


2.  Give  both  the  reason  and  the  proper  action  to  take 
when  no  idle  line  termination  exists  on  the  XMIT 
side  of  the  line  with  relay  Kl  (osc  unit)  of  the  SF 
.  unit  operated. 


3:'  Identify  the  trouble  and  tell  how  to  correct  it  when 
the  VF  line  amplifier  is  not  working,  because  -48 
volts  battery,  though  connected,  is  not  getting  mto 
the  amprifier. 


J4 


CHAPTER  3 


^       Interface  Maihtehaiice 


IN^  THIS  CtlAPTER  ydU  arc  going  to  s^nd  ybUf 
time  studying  about  maintenance,  and  testing  of 
«iuipmerit  and  circuits  in  your  office  used  by  the 
AUTOVON  switch  personnel  to  test  the  linjis.  You 
will  also  look  at  some  of  the  test  equipment  you  use 
and  at'soiBC  of  the  test  procedures  used  for  twting  and 
aligning  interface  equipment  in  the  dial  central  office: 

3-1.  Specisi  tett  Circuits 

i__T^c_]3rcyioiB  chapters  this  volume  covered  the 
principles  of  operation  for  the  equipment  required 
to  interface  the  PABX  with  AUTOYON.  This  section 
expl ains  the  circuit  operation  of  the  specia  1  t^st ^ 
circuits  used  by  AUTOVON  switch  personnel  to 
make  trans  mis  si  pit  tests  on  the  interface  equipment 
trunks  Or  access  lines  lo  prevent  abnormal  dpcratiqn 
and  to  insure  rapid  rest  oral  of  service  if  an  access  line 
fails. 

815.  U$ing  figure  3-1  and  fbldbuts  8,  9^  and  lS_as 
needed,  pvc_  tte  purpose^  mt  of  specified 
AtJteveN  interface  test  drcuils  and  identify  noise 
and  balance  test  ^Une  circuits,  connector  access 
nuintMt,  and  the  terinihatiqiis  provided  by  the  end 
ofrice  loop  around  test  circuit  (ise  foldout  1,  too,  if 
necessary). 

Test  Circuit  Fulictidhs.  Althdtigh  your  dffi(*  docs 
n6i  use  the  special  test  circuits,  they  are  located  in 
your  office,  and  you  are  expected  to  maintaih  them, 
^""•^c^  circuits  are  provided  to  jMsrihit  AUTOVON 
switch  personnel  to  make  tests  on  the  interface  trunks 
and  acc»s  lines  without  bothering  central  office 
people. 

Noise  and  balance  test  line  circuit.  This  circuit 
($h6wn  in  foldout  8,  found  in  a  separate  enclosure) 
provides  balanced  line  termination  for  noise,  balance 
(return  loss  and  singing  test),  and  transmission 
measurement  tcsls  performed  from  the  AUTOVON 
switch:  Singing  is  an  undesired  self-sustained 
oscillation  existing  in  a  transQiission  system. 

Access  t  o  t  he  nqi  sc  a  nd  ba  la  nee  te  st^  li  nc  d  rc  ui  t  i.s 
obtaincd_by  dialing  t£e  required  test  number  at  the 
AUTOVON  switch.  The  access  number  assigned  to  ^ 
the  test  circuit  will  usually  end  Mgth  a  connector  access 
number  of  41.  as  shown  in  foldout  1.  After  the 


connector  switches  through,  the  test  circuit  returns  10 
sccqncfc  of  off -hook  slip^rvisidn  (dpcn  drcu[t.  shdrt 
removed  from  R4).  The  circuit  also  prxividts  900-ohm 
2-micrbfarad  line  termiiiatibn  to  AUTOVON. 

Revme  bmrery  twst  tine  circmr.  This  drcuit  (sho^ 
in  foldout  9.  found  in  a  separate  enclosure)  provides 
n  qnsynchfbn q us  ( of f^h o ok  and  q n-h dqk)  s  upcrvi s dry 
signals  to  the  PABX  connector  for  testing  the 
supervisory  fuDCtioris  of  the  PABX  trunk  circuits  and 
inlcrfaat  cquipincm.  The  supervise 
of  a  ];bOd-ohm  idle  tine  termination  for  off-hooic.  and 
an  open  drcuit  liric  icrmihatibn  for  on-hobk.  The 
cdnncctj)r  repeats  this  dff-hddk/  dn-hddk  supbrvisidn 
to  the  PAbX  trunk  drcuit  causing  the  SF  sig^nalipg 
uiiit  to  transmit  the  Aupcfyisidn  td  AUTOVON  via 
pulsing  of  the  2,60G-Hz  SF  tone. 

AccKS  tb  the  reverse  battery  test  line  drcuit  is 
dbtaitied  by  dialijig  the  required  test  number  at  t he 
AUTOVON  switch.  The  access  number  assigned  to 
this,  test  drcuit  will  usually  end  with  a  cbhhectbr 
a^l^s  number  of  3i,  as  shown  i^  foldout  1:  After 
being  accessed,  the  test  circuit  returns  :a  series  of 
supervisory  signals  fqllbwed  by  a  cdhtinudus  qn-hqqk 
supervisory  signal  of  2  seconds  din'ation  and  an  ofT- 
hbbk  supcrvisbry  signal  of       seconds  duration. 

End  office  loop  around  test  circuit.  This  circuit 
(shown  in  foldout  10,  found  in  a  separate  inclosure) 
p  r  by  id  es  a  mea ps  for  mak  i  rig  stab  il  i  ty  a  rid 
loop  around  tests,  it  enables  one  maintenance 
technician  tb  make  brie-way  and  two-way 
traiKmissidn  loss  measurement  tests  on  four-wire 
PABX  .access  lines  without  manual  assistance  from 
the  PABX.  Access  tb  this  circuit  is  obtained  by  dialirig 
the  required  test  number  at  the  AUTOVON  switch; 
The  access  numbers  assigned  to  the  test  circuits 
usually  end  with  a  cdrir^ctor  access  riurii^r  of  21  for 
connector  tcrniinal  No:  1  and  22  for  connector 
terminal  No.  2  (refer  tb  foldout  1). 

Figiirc  3- 1  shows  the  v  arid  us  tests  pcrfdrmed  by  the  - 
AUTOVON  switch  tecgnician.  To  make  the  stability^ 
test,  shbwri  in  figure  3-1  ,a.  the  techr^^^^  l^ccess  . 

connector  terminal  No;  1 ;  Upon  access,  the  test  circuit 
returns  10  seconds  of  o|:^n  circuit  line  termination 
with  I  second  df^  9(X)-dhm  2-m[crdfarad  line 
termination;  followed  by  jO  seconds  of^hort-circuit 
line  termination;  followed  by  900^dhm  2-microfarafi 
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Figure  3-1,  PABX  tests. 


line  termination.  The  circuit  will  remain  with  this  906- 
ohrh  2-rriicrofarad  line  terrriihatibri  as  lorig  as  the 
connection  is  held. 

For  the  technician  to  use  the  results  of  a  loop 
around  test,  it  is  necessary  for  him  to  first  establish 
the  dB  loss  of  an  access  line.  To  do  this  the  technician 
^ust  access  connector  terminal  JVb.  2.  shown  in  figure 
3-l.b.  Upon  seizure  of  connector  terminal  No;  2,  a 
1,000-Hz  test  tone  at  0  dBm  is  received  from  the  test 


tone  gcrieratbr^ for  10  seconds',  followed  by  1  second  of 
900-ohm  J6rmicrofaracl  line  termination.  THesc  lO 
seconds  bf  ^000-Hz  test  tone  and  J  sccorid  of  900- 
ohffl.  16-microfarad  line  termination  are  repeated  as 
long  as  the  circuit  is  held.  The  technician  can  measure 
the  dB  loss  bf  the  test  tbnc  with  a  VTVM  to  establish 
the  dB  loss  of  a  particular  access  line.  The  technician 
would  now  release  the  connector  because  it  is 
necessary  to  seize  connector  terminal  No:  1  prior  to 


connector  .terminal  .J^Q.  i.w^jj|Spri^^e  loop  around 

The  jechnician  "^^p  nowflt^^^SbH^ty  test  and 
loop  around  Lest  df^p^h^'^^ess  lines,  shown  In 
figure*  3- 1 ,(?.  He  wouS  access  cdm 
\  with  the  next' ao^ss  :tine  arfd^^pJe^.  a  stablliiy 
tc«.  He  would  hbiiS  tj^te^cirtyiif  tfnd"?^^^ 
terminal  No.  2  witl^\tJS|:-^^^^  line  #  the?  known  dB 
loss ;  H  e  can  n  o  w  ftii^il^n^i  o  o  p  ar  o  u  nd  te  S  i  o  me  as  u  re 
the  dB  lc»s  of  the-Jc^©p,  By  subtracting  the  knl^wn  dB 
loss  from  the  Itfopr/dB  loss,  he  would  arnye  ^  the  dB 
loss  of  the  second,  access  iine.  ' 

Example;   ''^<''    '  \ 


Loop  dB  !6ss^  of  access  lines 

"A"  and  "B" 
Known  dB  loss  of  access 

line  "A" 

dB  loss  of  access  line  **B" 

Loop  dB  loss  of  access  ^lne^ 

"A":  and 
known  4B  loss  of  access 

line  "A" 
dB  loss  of  access  line  "C" 


I 


-4  dB 

-2  dB 

9  dB 

-2  dB 
-7  db 


From  these  results,  the  technician  would  identify  that 
access  line  "C"  has  transmission  problems  anti  would 
start  corrective  action  to  restore  the  circuit  to  working 
order: 


Rotary  switches.  The  type  44  rotary  switch  is 
installed  in  each  one  of  the  special  test  circuits.  This 
rotiu-y  switch  is  diffe  rotary  switches  that 

you  have  studied  previously  in  the  Telephone 
Switching.  Equipment  Repairman  Course. 
:  _T^^^  jyP^  JP^^T'y  switches  are  small,  lightweight, 
and  fast-stepping:  Th^  rotary  switch  steps 
approximately  $5  steps  per  second,  sclf-intcrruptcdly, 
and  up  to  35  steps  per  second  w?  hen  re  mot  e-jM^ 
controlled. .  The  rotary  switch  is  an  indirect  drive, 
homing  switch  with  11  bank  contacts  for  each  level. 
The  i  1th  contact  serves  as  the  home  position  for  the 
wipers.  - 

The  wipHcr  asasmbl>ycqnsists  of  a_ hub  and  ratchet 
wheel,  a  set  of  wiper  blades  for  each  bank  level,  and 
an  indicator  wheel.  A  three-arm  wiper  arrangement 
per  level  makes  it  possible  foi^all  b^nk  contacts  to  be 
traversed  in  only  one-third  revolution  of  the  wiper 
.asscmWy.  The  switch  can  also  use  a  one-arm  wiper 
arrangement  per  level:  [ 

The  three  arms  of  the  wipers  canVbe  made 
electrically  common  by  strapping  external  terminals 
or  left  separate  as  required  by  the  circuitry.  Because  of 
the  triple  wiper  arrangement,  the  wipers  actually  have 
33  positions  diirihg  orw  cqnyjlct^ 
wipers;  The  one-^rnr* arrangement  has  only  Ij 
pbsitidhs.  The  wiper  assemblies  are  so  arranged  that 
the  first  wiper  rotates  over  the  first  bank  contact  teve) 
on  the  first  1  1  steps:  the  second  wiper  rotates  over  the 
second  level  bh  the  next  I  I  steps;  and  the  third  wiper 
rotates  over  the  third  level  on  the  following  1 1  steps 


Three  pff-ribrmal  spring  cam  lobes  operate  the  off- 
n9j'*il^^  spf!"^_.^^^^"L^^^^^  ^JS^Js  Are  at  normal 
desired,  the  lobes  can  be  removed  from  the  I  Ith  and 
??^__POsitiori,;^  so  ihal^lhe  off^nonrial  springs  are 
operated  in  the  home  position  or  once  during  each 
reyolutibri  of  the  wipers. 

The  rotary^  switch  becomes  versatile  for  many 
circuit  "applications  through  the  use  of.  orie-artn  and 
three-arm  wipfcr  arrangements.  st?aps_on  the  wipers, 
and  varying  the  riUniber  of  banks.  The  noise  and 
balance,  and  loop  around  test  circuits  use  the 
commbn  wiper  with  the  3-arm  arrange nient  for  I  I- 
stcpj)pef  ation^The  reverse  battery  test  circiiit  uses  the 
1 -arm  wiper  arrangement,  and  the  switch  will  take  33 
steps  before  reaching  the  home  position.  The  rotary 
switches  operate  from  60  and  120  IPM  Jrourid  to 
control  the  completely  automatic  operation  sequence 
of  the  test  circuits. 

Exercises  (815):  ^ 


1.  What  is  the  purpose  of  the  noise  and  balance  test- 
line  circuit? 


2.  What  is  the  reverse  battery  test  line  circuit  used 
for? 


3.  What  is  the  purpose  of  the  end  office  loop  around 
test  circuit?   


4:  What  is  the  connector  access  number  for  the  noise 
and  balance  test  line  circuit? 


5.  What  are  the  terminations  provided  by  the  end 
offke  loop  around  test  circuit? 


816,  Using  fisure  3-2  and  fdlddttt  8,  sp^ify  the 
actions  that  occur  jn  the  noise  and  bulance  test  line 
circuit  diirihg  operation. 


Noise  and  Balance  Test  Line  Circuit.  The  noise  and 
balance  test,  line  circuit — seen  in  fbldout  8,  figure 
3;c— is  terminated  in  the  PABX  station  to  allow  the 
AUTOVON  sw'itch  tb  make  hbisc  and  balance  (return 
loss  and  singing)  test.  The  circuit  is  marked  idle  to 
preceding  equipment  by  resistance  battery,  as  figure 
3-2  shows  (via  the  winding  of  relay  TR),  on  lead  C. 
Use  AC  and  Y  wiring  options: 
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Gircuit  Accessed  From  Connector  Terminal  41.  ^ 
NOISE  AND  BALANCE  TEST  LINE  CIRCUIT  H-83195 


Battery  thru  relay  TR  to  C  lead 
marks  circuit  idle. 


Gnd  from  Connector 

-J- 
\  TR 

 S — I  


4  J  5 
Gnd  St 
lead  ' 

Ringing  current  extended  over 
and  -  leads 


2  I  3 
60  1PM 
to  RS 


r 


(conducts) 


i'royides  a  low  resistance 
bridge  across  lihe*cutting 
off  ringing  current 


Ringing  Current  Removed 


(stops  conducting) 


Provides  an  Hj  resistance  bridge 
across  line  (Rl  600  H  ) 


From  60  IPM  lead  (switch  steps 
-  I  1  step  per  second) 


On  contacts  ^  - 
Shorts  R-4 

1.  Presents  "off-hook"!  signal 

2.  Causes  connector  to  cut  thru 

3.  Presents  line  term  C  I  &  R  6 


RS  operates  to  10th .step. 

Af  te^  1 0  sec  phds ,  re  moves  '  'off  -  hook'  * 
condition  to  an  "oh- hook"  condition  to  allow 
a  release 

^      Note  1 
Release 
Gnd  removed  from  "C"  lead 

(tr\ 


f  Gnd  s 

V-^ead 


6b  IPM  ^ 
3 

HoiTT^s 


Note  1:  Rotary  switch  continued  to  step  until 
circuit  is  released. 


Figure  3-2:  Sequence  of  noise  and  balance  (est  line  circuit  operation.  ^ 
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Seizure.  Seiz^^  da:tu"s  when  the  AUTO  VON 
switch  technician  dials  the. assigned  test  number.  The 
connect  or  .  ^buikls  lead  C  o  j^ratihg  rel  ay  TR  and 
mfLTking  tjic  circuit  busy.  The  connector  extends 
ringing  current  over  lead  and  causing  tubeTl 
to  conduct.  When  the  connector  sw^ch^s  thipugh, 
900-ohm,  2-microfarad  line  termination  is  returned  to 
AUTOVON  switch: 


a:  TR  relay  operates.  TR  contacts  2  and  3  cbmpicte 
a  circuit  to  rotary  switch  RS  via  the  60  IPM  purich- 
ihg.  TR  contacts  4  arid  5  ^dUiid  lead  ST  to  start 
interrupters  if  required;  TR  contacts  6  and  7  serves  no 
function  at  thi$  time.  ___i^__:.L 

fe.  T^l  condocts:  TJ  fires  and  presents  a  low 
resistance^  bi[idg^  across  the  line  to  cut  off  ringing 
current!  TKi|^wmulates  called  party  ajswering  to  the 
connector:  Wfen  ringing  current  is  rfemoved,  Tl  Mops 
conducting.   

c.  Ti  stojjs^^ldtictiiig.  WhcnTl  stops  conducting, 
the  loop  via.i$r^^ET  coil  and  rtsistor  R4  presents  an 
on-hopk  cohditiferSto  the  coniiector.  i 

d  RS  steps.  Rpwy  switch  RS  steps'in  re^onse  to 
60  S*M:  Since  tS  i^ary  switch  is  an  indirect  drive 
switch,  it  win  step  whcK  RS  release.  During  the  first 
step,  trtc  ON  (off-noi|cnal)  contacts  restore. 

NOTE:  The  ON  contacts  release  during  the  first 
ste£,  fee ausc  they  arc  normally  operated  in  the 
home  position  by  the  cam  lobes. 


e:  ^^ON**  contacts  release.  ON  contacts  3  and  __4 
short  circuit  resistor  R4  fqr  10  seconds  to  give  pfl^^ 
hook  super  Vision  for  cbriricctbr  cUt-thrdugh  and  to 
return  line  termination  to  AUTOVON  via  ca^pacitor 
Cl  and  R6.    _ 

f.  RS  homes.  After  10  seconds  rotary  switch,  RS 
steps  tolhc  1 1  position  and  oper^ates  the  ON  contacts, 

8'_  **PN''  CO htacts  operate.  ON,  co ritacts  3  arid  4 
open  the  short  circuit  on  resistor  R4  tO-giyejon-hook 
supervision  to  the  connector  and  AUTOVON  for  1 
sccbnd^Thc  rotary  switch  will  continue  to  step  to  60 
^  IPM  until  the  connector  is  Pleased,  giving  10  seconds 
ofT^hook  and  1  second  oh-hook  supervision. 


Releas e.  A 1 1  he  cb m pi ctibri  of  t  he  ri  bise  a nd  ba  1  aricc 
test,  AUTOVON  will  release  the  circuit  releasing  the 
connector.  When  the  connector  is  released,  ground  is 
removed  from  the  C  lead,  rclcasirig  relay  TR: 


a_TR  relay  releases:  TR  cgritacts  4  arid  5  remove 
the  ground  on  lead  ST.  TR  contacts^  Land  2  complctp 

a  homing  circuit  to  rotary  switch  RS.   ^''^'^ 

J?.  RS   hbmcs.   The   rbtary   switch   steps  self- 
interruptedly  to  its  home  position  operating  its  ON  ^ 
contacts  1  and  2  breaking  the  home  circuit. 


_  *     

Exo-cse  (816): 

Use  foidout  8  to  complete  the  following:'^ 

i.  What  circuit  actions  are  ON  contacts  \  and  2 
responsible  for? 

\ 

2..  If  Z  wiring  were  Used  in  place  of  "V  wiring,  what 
would  the  termination  be  to  the  connector? 


3.  What    tube    terminals   (Tl)   provide   the  low 
resistance  bridge  across  the  line  to  cut  off  ringing? 


4  What  causes  tube  Tl  to  conduct? 


'817:  Using  figwes  >3B;  and  3-SC  snd  foidoot 
9  as  necessary^  distinguish  smong^  the  actions  that 
occur  in  the  reverse  batteiy  test  line  circuit  during 
operation . 


Reverse  Bitte*y  Tet  tine  CfrcuJt.  The  reverse 
battery  test  Une  circuit —shown  in  fold  out  9,_  figiire 
2— is  terrninatcd  in  the  PABX  to  allow  AUTOVON 
switch  to  test  the  supervisory  functions  of  the 
AUTOVdJS  interface  trunk  circuits.  The  circuity  is 
inarkcd  idle  to  pre<S5djng  equipment  by  resistai^cc 
battery,  shown  in  figures  3-3A,_3-3B,_and  3-3C  (via 
the  winding  of  relay  D),  on  lead  Q^-  After  seizure  arid 
cut-through  the  circuit  provides  the  following 
sequence  of  supervisory  signals  to  the  equipment 
under  test: 


•  Pff-hobk  for  \  Va  seconds. 

•  CHv-hbbk  for  1/2  second. 

•  Off-hook  for_l!4  seconds; 

•  120JPM  {3  flashes). 

•  Ois-hook  for  2  seconds.  ^ 
^  Off-hook  for  Shi  seconds. 

The  2  secotuls  on-hook,  5!4  seconds  oft-hook  signals 
are  repeated  liritil  the  circuit  is  released. 

The  reverse  battery  test  line  circqit  rotary  switch 
empiays  the  one-arm  wiper  arrangement.  Wipers  A 
and  B  rotate  oyer  the  bank  contacts  on  steps  I 
through  11,  wipers  €  and  D  rotate  over  the  banks  on 
steps  12  through  22,  and  wiper  E  rotates  over  the 
barik  on  steps  23  thrbugh_33. 

Seizure.  Seizure  occurs^when  the  AUTOVON 
switch  technician  dials  the  assigned  test  number  We 
will  discuss  the  detailed  operatibri  of  the  test  circuits 
by  analyzing  the  33  steps  of  the  rotary  switch  RS; 


\ 
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Circuit  Accessed  Frc4|  Connector  Terminal  31 


REVERSE  BATTERY  TEST  LINE  CIRCUIT  H-610036 


Battery-  Thru  Relay  D  to  CN  fiead 
Marks  Line  Idle 

<^d  on  CN  Lead' 

  D  - 


8  9 


Qids  ST 
lead 


10 
120 
10 


11 

PM 

11 


Relay  C  follows  Pulses  Until  After  2  Rings 
No  Purpose  At  This  Time 

First  ^Ringing  Cycle  Frdni,  Connector 

A       (AC)  - 
314 

B      (#2  Winding) 

9_|_10 

RS      (Operates,  but 

doesn't  operate) 

2 

Qpeiis  NT  Springs 


Ringing  Current  Removed 


Indirect  drive 


Steps  wipers 
Level  A&B  to 
Step  1 


2-3  1 4-5 
Res  torjBs 
DN  (off 
normal) 
springs 


ySprings^ 


Second  Ringing  Cycle  From  Com^tor 


A 
3i4 

B' 
9  I  10 
RS 
1)2 

C^ens  jjnt  Springs  

Ringing  Current  Removed 


A^  Wipers 
to  Step  2 


^-TnT-N 
V^Springs^ 


Supervisory  Signal  Control 


.  C  (from  120  IPM) 
4|5  ' 

( via  _Le vel  "A' ' 
second  step) 

CCJ 

[5         _  _  _ 
[RS)  -wipers  A&B 
step  to  the 
3d  step 

G 

H  ^ 


6  I  8  / 
DC  Loop 
-line  / 
^line 

Provides  an 
"Crff  hook'- 
aignal  (via. 
R-1  and  TN) 


7B  •  8B 

__  G^,^  See  Note  13 
Holds^"  - 
4B  5B 

(Provides  diiaU  tone.  _ 
if  "X"  strap  provided) 


Pulse  On 

^_C      (Repeats  second 
4  I  5     pulse  after  two  rings) 
RS  F  Int  r 


Pulse  Off 


A&B  wipers  to  step  4 


Pulse  On 
RS   


\  i  F  holds 

1  r2&_ 

Opens  DC  loop 

-line  tU^e  

Provides  "A"  on- 
hbbk  signal  to 
trunk  circuit 
then  "M"  lead  to 
ground  oh- hook 


Int 

AitB  wipers^  to  step  5 
(repeats  fourth  pulse) 


Duration  of  off -hook  1  1/4  sec 


4jr5    A wipers  to  step  6 
fRS5 

HVA-  16  ! 


Figure  3-3A.  Sequcfvcc  of  reverse  battery  test  line  circuit  operation.- 
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REVERSE  BATTERY  TEST  LINE  ClKCUIT  H- 61 003 6 


Pulse  On 


C  (repeats  fifth 
I  pulse) 


Restores  DC  loop 
provides  an  "off- 
_book"  signal 


4  15 
RS 


1  2  second  "on-hook" 


c 

2" 

a 


pulse  Off 


CCj    A&B  wipefs  to  step  7 

Pulse  On 

•  C       (repeats  sixth 
I  pulse) 

4-1-5 
RS 


5  '  AiiB  wipers  to  step  8 


C      (repeats  seventh 
pulse) 


£T[5  A&B  wipers  to  step  9 
fRSj 


(repeats  eighth 
pulse) 


2  I  3 
F 

Opens  -line  

•^line  DC  loop 
provides  ah  "on- 
hook"  signal 
(note  1) 


4  I  5 
RS 


Tl4 

E- 


5  \T-_ — 
Opens  dial 
tone  lead 
if_*_*X"  strap 
provided 


"Tl  4 

_  E 
Holds 


Notes: 

1.     Duration  of  on-hook  1^2  sec 


Restores  DC  loop 
-line  -^line  provides^ 
an  "off-hook"  signal 


RSJ    A&B  wipers  on  step  10 

F  ^ 

(if  "X '  s tr ap_ pr ovideid 
there  will  be  dial  tone 
at  this  time 


P\ilse  On 
^C 


(repeats  ninth 
pulse) 

 RS 


/ 


;ns  -line  +line 
DC  loop  provides 
an  "on-hook**  signal 


n 

F 

Holds 


Restbreis  \>C  loop 
-jjne^+iine  provides 
an  "off-hook'* 
signal  _ 

Pulse  On 


(repeats  tenth 
pulse) 
 RS 


Op^ns  DC  loop  -line 
+Une  provides  an  '*on- 
hook"  signal 


FLASHES 
•OFF- HOOK" 


Wiper  C^D  on  first  step 


Restores  DC  loop 
-line  r^line  provides 
an  "bff-hdbk"  signal 


C   (repeats  eleventh  pulse) 


r  

F 

...  :J:  

Opens  DC  loop  -line 
+lirie  provides  ah  \; 
"on-hook"  signal  > 

End  of  3d  120  IPM 
flashes  - 


B 


^1  10 
RS 


1  ' 
B 

Holds 


Figure  3-  3B.  Sequence  of  reverse  battery  test  line  circuit  operation. 
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REVERSE  BATTERY  TEST  LINE  CIRCUIT  H-610036 


Pulse  Off. 


Steps  wipers 
C&D  to  2d,  3d,  and 
4th  bank  contacts^ 
i:e.    e  &  RSf^low  the  12Ui,  13th,  and  14th  ^ 
pulses  before  relay  F  rel^        (F  remains 
operated  via  C&B  contacts) 

N   > 


BSj    Steps  wipers 
C&D  to  step  5 


(repeats  15th 
pulse)  . 


Rei5tores  DC  loop 
to  off -hook 


Duration  of  on-hook 
2  sec 


Pulse  af 

Ccj  •  .Restores  after  the 

25th  pulse 
^RSj    Steps  E  wiper 
to  step  5 

Pulse  On 

C      Repeats  26th  pulse 


F 


Opens  DC  loop 
-line  *line  provides 
an  "on-hddk"  sit^nal 


Repeats  pulses 
:27  &  28  (not  shown) 


Steps  wiper  E 
across  contacts 
6.7.8 


OFF-HOOK  5  1  2 
SECONDS  E  wipers  ' 

From  pulses  to  step  6' 

16  thru  26 


^-HS)   Steps  wiper  E 
contact  9 

F  relay  remains  operated  thru  contacts  of 
relays  B&C  Dtie  to  levels  5&8  of  E  being 
strapped.  ^ 

r 


Repeats  30th  pulse 


Restores  DC  loop  On-hook-2sec  _ 

' U n ^_  _'*'l  P  r oy Fr  b m  piil  s  es  27,28, 
an  "off -hook"  signal  29  and  30 

Each  time  level  *'A"  Reached  contacts *4. 6.  &  8 

  1   __ J   _   

Rotary  switch  self-interrupted  cycles: 
"Ofl^bok"  supervision  -  2  sec 
"Off-hook'*  sxipervision.  -  5  1/2  sec 

Continues  until  circuit  is  released  - 


Release 


Relays  operated:  D.  G.  B.  C  and 
possibly  F 


(g)  C^)      (e)      7^  ~Rs' 

^  ^— ^        VGnd/  Home 


Figure  3-3C;  Setjuence  of  reverse  baiiiry  lesi  line  circuit  operation. 
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_  4^7*1^  pbnncctbr  closes  the  iin'^joop  ty  the  lest. 
eircSit  and  grojinds  Jcads  CR  Ground  on  lead  GN 
opcrat^  relay  D  and  marlcs  the  test  cifciiit  biisy: 

( i  j  b  relay  operates:  D  contacts^ 4  and  5  complete  a 
hold  path  for  itself  ;on  Icad  wCN.  D  contacts  g  and  9 
ground  the  ST  lead  to  start  '^c  interrupters^  D 
contacts»'LG_ancl  1 1  complete  a  circuit  to  operaie  rclay  ^ 
C  lb  12D  IPM  ground.  The  bperatibri  of  relay  C  will 
dcienriirfe  the  time  scqiKirscc  <rf  the  automatic 
ppcration  of  the  test  circuit.  Relay  C  serves  no 
function  until  after  two  ringing  cycles.  / 

(2)  A  relay  operates.  A^cbniacts  3  arid  4  coriiplcte 
a  circuit  to  rej^y  B.      _  _ 

(3)  B  rcl^y  op)crates.  B  contacts  9  aiid  10  complete 
a  drcuit  to  rotary  switch  RS. 

(4)  RS  operates.  Rotary  switch  RS  vill  hot  step  its 
wipers  at  this  time,  since  it  is  an  indu-c^  drive  swtch. 
RS  interrupter, contacts  1  and  2  qpen  but  serve  no 
purpose  at  this  lime. 

NOTE:  Sjncc  ringing  current  from  the  Connector 
is  interrupted,  relay  A  wifl  rcmsu rib J^rated  only 
I  second  and  release  for  4  seconds  before 
operating  again. 

b.  After  4  seconds  of  silence,  ringing  current  will 
again  be  extended  over  the  line  Ibbp  bperating  relay 
A: 

(1)  A  relay  operates.  A  contacts  3  and  4  bompletea 
circuit  to' relay  B.    

}{2)  B  relay  operates:  B  contacts  9  and  10  complete^ 
a  circuit  to  rotary  switch  RS. 

(3)  RS  operates.   Rbiary  switch   RS  opens' its 
interrupter  cbniacts  1  and  2.  ^ 

NOTE:  After  1  second  of  ringijag,  ringing  current 
is  removed  from  the  line  loop  releasing  relay  A. 

(4)  A  relay  rclc§ses.  A  contacts  3  and  4  open  the 
circuit  to  relay  B. 

(5)  B  relay  releases.  B_ contacts  9  and  10  open  the 
circuit  to  rotary  switch  R^.  \_ 

(6)  JtS  releases.  Rotary  switch  :I^S  closes  its 
interrupter  contacts  and  steps  wiper  contacts  A  and  B 
to  bank  cbritact  Nb.  2  (step  2): 

c.  Relay  C  has  been  opcratmg  to  the  J20  IPM 
punching  but  has  served  no  purpose  until  now.  Since  ^ 
the  rotary  switch  is  setting  on  bank  contact  No.  2/ 
when  relay  C^pf  rates  to>2^^^  ground  a  »es>nd 
operate  path  for  the  rotary  switch  will  be  completed, 
Relay  C  operates  and  releases  every  I  /2  second  to  120 
IPM  ground:  • 

(J)  relay  operates.  C  contacts  4  and,5  complete  a 
circuit  tb  rotary  switch  RS  (via  wiper  A  and  bank 
contact  2).  _  _ 

(2)  RS  operates.  RS  opens  its  interrupter  contacts 

l  and  2.        ^  . 

(3)  C  relay  releases  .  C  contacts  4  and  5  open  the 
circuit  to  rotary  switch  RS: 


(4)  RS  releases:  RS  wilt,  wipers  A*  and  B  to 
contact  No.  3  (step  3>  and  closes  its  interrupter 
cbritacts. 

.  d.  When  the  wiper  stcp«  bri  the  third  bank,  a  circuit 
is  conipleted      relay  G:     _  ^ 

(1)  G  relay  operates.  G  contacts  6T  a n4  8T 
cbriiplete  a  l,(]O0«bhm  DC  off-hook  termination  to  %s 
the  connector  and' AUTOVON  switch.. This  caiises  the 
connector  to  cut-through  arid  trip  ririging^Urtcrit.  G 
cbritaks  7T  arid  8T  open  the  circuit  to  relay  A,  G 
contacts  7B  and  8^B  complete  a  hold  path  fbr  itself.  G 
ibhtacts  4T  and  5T  complete  a  circuit  for  dial  tone  if 
tone  will  be  returned  to  the 
preceding  equipment  with  each  ofT-hook  signal, 

{2)  C  relay  operates^  C  coritafcU  4  and  5  complete  a 
circuit  to  rotary  switch  ifS  (via  relay  G  contacts  2T 
and  3t).  '        :  _„  . 

(3)  RS  bperates.  RS  bpcri^  its  interrupter  contacts 
1  and  2.  :  « 

(4)  C  relay  releases.  C  contacts  4  arid  5  open  the 
drciiit  tb  RS. 

(5)  RS  releases:  RS  steps  wipers  A  and  B  to  contact 
No.  4  (step  4)  and  closes  its  interrupter  cbritacts. 

e.  120  IPM:  _  v   _ 

( 1)  C  relay  bperatcs.  C  contacts  4  and  5  complete  a 
circuit  to  rotay  switcii  RS.  ^ 
.  (2)  RS  opcr<ates.  RS  opens  its  interrupter  cbritacu 
1  and  2. 

(3)  C  rcia>'  releases.  C  contacts  4  and^  open  the  ^ 
circuit  lb  RS.^  :     

(4)  RS  releases.  RS  steps  wipers  A  and  B  to  contact 
No.  5  (step  5)  and  closes  its  interrupter  cbniacts. 
Wheri  the  B  wiper  steps  on  the  fifth  contact,  it 
prepares  a  circuit  to  relay  F.  ^ 


/  120  IPM:  _ 

(1)  C  relay  operates.  C  cbritacts  4  and  5  cbmplcti 
circuit  tb  RS;  C  contacu  2  and  3  complete  a  circuit  to 
relay  F:   

(2)  RS  operates.  RS  opens  its  interruptcr^cbritacts 
1  arid  2.  '  i  " 

(3)  F  relay  operates.  F  contacts  I  and  2  open  ^the 
l,00O^bhrii  DC  lirie  terminatjbri  tb  give  on-hbok 
supervision  to  the  connector  and  AUTGVDN  switch. 

(4)  C  relay  releases.  Contacts  4  arid  5  p peri  the 
circuit  tb  RS.  C  cbniacts  1  and  2  complete  a  hold  path 
for  relay  F:  _  J 

(5)  RS  rdcascs.  Rotary  jiwitch  RS  steps  wipers  A 
arid^B  tb  contact  No.  6  (step)  6)  and  clones  its 
interrupter  contacts. 

,  g:  m  IPM:  _  ' 

( 1  j  C  relay  operates.  C  contacts  4  and  S  complete  a 
circuit  to  RS  C  contacts  1  and  2  open  the  cifl^cuit  to 
relay  F- 

^(2)  RS  operates  RS  opens  its  interrupter  conmcts: 
*  (3)  F  relay  releases:  F  (contacts'  j  and  2  close  the 

i,()()0-bhni  DC  line  loop  for  off-hook  $Upcrvisibn. 
(4)  C  rday  releases.  C  contacts  4  and  5  open  the 

circuit  to  ftS. 
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;        ^  _  .  R b ta r  y  s  w it c  h    S  s  te  ps  w  i  pe  rs  A 

and'B  to  contact  No:  1  {iicp  7)  and  close's  its 
rntcp-uptcr  contacts. 

/i,  120  IPM:  "  _* 

(1)  C  relay  operates.  C  contacts  4  ar^  5  complete  a 

circuit Ito  RS;     :  ,  ,  I 

(?)  RS  operates.  RS  opens  its  IntcrrSptei 
i?l/^'^^[^y  releases.  C  cb tracts  4  aftd-froperi  the 

circ.iiit.  to  RS..  (  ^ 

(4)  RS  rclciuses.  Rotary  switch  RS  Steps  wipers  A 

and  B  to  contact  ISo.  8  (step  8)  and  clones  its 

iiiterruptcr  contacts. 

'  /.  !20  IPM: 

_  XU  _C  relay  operate^.  C  contacts  4  arid  5  complete  a 
circuit  to  RS:  ^        -  *  • 

■  (2)  RS  operates.  RS  opens  its  interrupter  contacts. 
(Jb  C  relay  releases.  C  contacts  4  arid  5  open  the 
circuititQ  RS:  . ' 

(4)  RS  releases.  .Rotary  switch  RS  steps  wipers  A 
and  B  to  contact  No.  9  (step       and.  closes  its." 
interrupter  contacts.  ^ 

y.  120  IPM:  . 

( 1)  C  relay  operates.  C  contacts  4  and  5  complete  a 
circuit  to  RS.  C  contacts  2  arid  3  complete  a  circuit  to 
relay  F  Cvia  wiper  B;  irontatt  9). 

(2)  RS  operates.  RS  opens  its  interrupter  contact^ 

(3)  F  relay  operates:  F  contacts  I  and  2  bpcrim^ 
LOOO^hm  DC  loop  to  return  on-hook  supervia^n. F 
contacts  3  arid  4  cbmplete  a  circuit  to  relay  ^  (via 
wiper  A,  contact  9j: 

(4)  E  relay  operates.  E  contacts  5  and  6  close  a 
circuit  for  dial  tone  to"  induction  cojl  TN,  if\x  strap 
was  not  provided.  Dial  tone  would  now  be  returned, 
during  each  ofPhpok  signaU  to  the  preceding 
equipmerit.  E  contacts  3  and  4  provide  a  hold  path  for 
itself.  E  contacts  1  and  2  prevcrnt  relay  Ffrom  holding 
wheri  relay  C  releases,  r       _  ■ 

,  (5)  C  relay  releases:  C  contacts  4  and  5  open -the 
circuit  to  RS.  C  contacts  2  and  3  open  the  circuit  to 
^lay  F.  .    '    ^  _  " 

(61__RS  releases.  Rotary  switch  R§-steps  wipers  A 
?  tb  contact  Nb.  10  (step  10)  and  closes  its 
interrupter  contacts: 

V  k.  Due  to  open  contacts  2  and  3. of  released  C  relay 
F  releases: 

(IJ  F  relay  releases.  F  contacts  !  and  2  closes  the 
1,000-bhm  DG  Uric  loop  to  return  bif-hook 
supervision. 

(2)  C  relay  operates.  C  contacts  4  and  5  complete  a 
circuit  to  RS.  C  contacl?  2  arid  3  cbriiplete  a  circuit  to 
relay  F  (via  wiper  B,  contact  10) 

(3)  RS  operates.  RS  opens  its  interrupter  contacts. 

(4)  F  relay  operates.  F  contacts  I  arid  2  o peri  the 
l:0(j(T-ohm  DC  loop  to  return  6n-h6ok  supervision 

(5)  C  relay  releases.  C  contacts  4  and  5  open  the 
circuit  to  RS  C  contacts  2  and  3  open  the  circuit  lo 
relay  F. 


a(6)  RS  releases.  'Rbiary-^witch  RS  steps  wipers  A 
and  B  to  contact  .;V  (step  II ),  arid  closes  its  interrupter 
contacts.  ♦  .  *  . 

/.  Open  contacts  1  and  3  of  relay  C. 

W.  f  JJ^^^y  releases  F  contacts-  1  and  2  close"  the 
LOOO-ohm  be  '  line:  loop  itj).  return  bff-hobk 
supervision."  .  '     '  *   v  ^ 

^^^^*^y^P^'!^^_"^  C  contacts  4  and  ^complete  a 
circuitjo  RS.  C  conlac^  i  aqd  3  comprete  a  circuit  to 
relay  F  (vda!wi  pe^^g^^o^ntftt  i^^^ 

(4)  F  relay  operiajfc.  F  contacis^arid  2  open  .the 
1,000-bhm  DC  Ibqp  tp  return  bn-ifook  supervision: 

C5)C  relay  re  lipases..  C  corita^  4  and  S-^opcn  the 
circuit  to  RS.  C  contacts  2  and  3  open  the  circuit  to 
relay  F.    _  — ^    !  *  ; 

(6X.  RS  releases;  Rotary  switch  RS  steps  wipers  C 
and  P  to  contact  No.  !  (step  _12),  and  steps  wipers  A 
^"^J^  _^^^^  tht-batik  contacts.  RS  closes  its  interrupter 
contacts.  ^ 

m.  Open  contacts^  and  3  o(  relay  C:  ' 

ill  f  reiay_ releases: "'F  cont^cts'%^rid  2  close  t>ie 
I AOCK)-orim  DC  line  loop  to  return .  off-hook 
supervision:  .  ^ 

(2)  C  relay  operates.  C_contacts  4  and  5  complete  a 
.  ?kc^^:"^o  RS.  C  contacts  2  arid  3'epmpletc  a  circuit  to 
relay  F  (via  wiper  C,  contact  U  C  cqritacts  2  and  3 
complete  a  circuit  tp_ relay  B (via  wiper  D,  contact  I): 
PP^^^l'^^'.      bpcns  its  interrupter  contacts, 

(4)  B  relay  operates:  B  contacts  5  arid  6  provide  a 
h9l<l  path  Tor  itself.  B  contacts  J  and  4  prepare  a  hold 
path  for.  relay  F.        :  . 
,   i5\  F  relay  operates.  F  cont3cts  I  Hnd  *2opcrithe 
LOOO-bhiri  DC  loop  tb  return  on-hook  supervision. 

NOTE:  The  reverse  battery  test  line, circuit  will 
A   now  transmit  an  ori-hoo^k  si|riai  for  2  seconds 
duration  and  an  off-hook  signal  for  SVi  seconds, 
repeated  until  the  circuit  is  released. 

(6)  C  reJay  releases:  C  contacts  4  and  5  open  the 
cirxruit  to  RS,  C  contacts  2  and  3  open  the  operate 
path  to  relay  F  Relay  F  will  hbid  through  C contacts 
I  and  2.  and  the  C  wiper. 

NOTE:  Relay  F  wiil  not  release  durirtg  the  time 
*  the  rbtary^;MVitch^is  stepping  from  one  bank 
contact  to  (he  next  due  "to  the  speed  of  the  rotary 
switch  stepping  action.  Daring  the  period  that 
C^iper  is  stepping  over  contacts  1  through  4. 
Lhe  F  relay  will  hold  alternately  through  contacts 
2  and  3  ol  rclav  C  and  the  C  wiper;via  contacts  I 
and  2. 

('?)  RS  releases.  Rotary  switch  RS  steps  wipers  C 
and  D  to.  contact  No.  2  (step  !3)  and  clo.ses  its 
interrupter  contacts. 

n    120  IPM: 


(!)  e  relay  operates.  C  contacts  4  artd-Scomplete  a 
circuit. to  RS.  C  contacts  2  and  3  hold  rel^y  F  (via- 
wiper  C). 

(2)^  RS  opefatces.  /RS  opens  jts  interrupter 
contacts:  /  ; 

J^LQ  T^lay  relcase|3<f  contacts ^    and  5  open  the 

*  circuit  to  RS;,C  conii^ts^  i  and  2  provide  a  hold  path 
for  relay  F.  /  ;/  ,  • 

,  (4)  RS  relcas^. 'Rotary  switch  RS  ^tcps  vyi^rs  (!? 

•  aVi^  D;  to  contact  No:  3  (step  i 4) -knd  closes  its 
interrupter  contacts. 

\         120  IPM:  .  .        :  :;  "  : 

\     (I)  C  relay  d|x rates  C CO 
circiti^  io,  RS' 'G  contacts' 2  and  3  hold  relay  F  (via 

;  (2)  RS  operates:  RS  ojjicns  its  interrupter  contacts.^ 
■  (3)      relav' Eei(»scs:  C:contd^^^  4  and  5  open  th^ 

circuit  to  RS.  C  qohtacts  1  arid  2  provide  a  hold  pzih 

Xor  relay  PI  •  -       J":,,  .  '  : 
^    (4!)  _RS' releases.;  Rotary  swjtcfi  RS  steps  wipers  f 
'  arid       t  b  c OTlt a ct  No.  4  ( ste  p  1 5)  a  rid  ■  cl  bses  it s ' 

interrupter:  contaicts  .,  *  ' 

p.  120  fPM:  '  '  -  : 

(1  j  C  relay  operates,  ^contacts  4  and  5  cooiplete  a 
•circuit  to:  F^S"  C  contacts  2  and  3  hold  relay  F  (via 
wiper -.C):  -   "I    .-.  ^''v  ' "  .  .  .  ■ 

(2)  RS  operates.  R$"ppcns  its  ihtcrf  upter  contact^. 
-  (3)  C  relay  release^^^C  contacts  4  and  5  open  thp 
drcuit  to  RS.  C  contacts  1  and  2  provide  a  hold^path 
for  relay  F. 

(4)  RS  releases. 'Rotar>'  switch  RS  steps  Avipers.C 
and  D  to  contact  No.  5  (step  16)  a'rid  closes  its 
interrupter  coritacts. 

q,  12oTpM:  _    _    _  -_  _  :\  

(1)  C  relay  operates:  C  contacts  4  and  5  complete  a 
circuit  to  RS.  C  contacts  I  and  2  opifen  the  circuit  to 
relay  F.    :         _  i 

(2)  RS  operates  RStipcns  its  interrupter  contacts. 
Qiv^  relay  releases.  F  contacts  1  arid  2  close  the 

r,(X)0-ohm  DC  rbop  to  return  off-hook  supervision: 

NOTE:  This  ends  the  2  seconds  _on-hook 
termination  and  starts  the  5!/^  seconds  off-hook 

termination. 

^4  .   .        _  -  _ 

(4)  C  relay  re fcascs.  C  contacts  4  arid  5  bperi  the 
circuit  ta  RS. 

(5)  _RS  releases.  Rotary  switch  RS  steps  wipers  C 
and  D  tb  contact  No.  6  (step  17)  and  clbses^  its 
interrupter  contacts: 

r.  120  IPM: 

( 1)  C  reUy  operates.  C  contacts  4  and  5  complete  a 
circuit  tb  RS/^^  :  :  :i  

(2)  RS  operates.  RS  opens  its  interrupter  contacts: 
(3j  C  relay  releases*  C  contacts  4  and  5  open  the 

circuit  to  RS: 

.  (4j.RS  releases  Rotary,  switch  RS  steps  wipers  C 
arid  D  to  contact  No.  7  (step  18)  arid  closes  its 
interrupter  contacts:  > 


N  p T E :  T he  same  se r i e s  bf  e ve  rit s  occur  until  the 
rotary  switch  releases  and  steps  its  wipers  to  "bank . 
V  contact  2;7.  .  •  ,  .  « 

J.  120  IPM:  '      :  _  .     _  : 

( I )  C  relay  bperates.  C  cbiitacts  4  and  5  complete  a 

circuit  to  R$  C  contacts  2  and  3  compiefe  a  circuit  to 

rela.V  Eivia  wiper  E^  contactjS). 
;      ( 2 )  R  S  opef^t es R  S  olx: ns  i  ts  i  rit  eit  upt e  r  c b  ntact  s^ 
(3)  F  relay  op<rrates:  F  contacts  1  and  2  open.the 
^  Lp(X>-obrri  DC-loop  to  i^turn*pn-jhook.supervision.  F 

cbntacts  5  ajrd  ^prepare  a  hold  path  for  relay  F 

during  the.  period  the:  E  wiper  is  steppi rig  across 

contacts  5  through  8. 

>^    The  reverse  battery  test  line  circuit,  hai  now  gi^ven 
the  series  bf  sugervisQj-j?  slgrials  ended  by  2  seconds  of 
;    on-hook  tcnmnation  and  5^/^  secbnds  of  off-iiopk 
icrtni  riX^i  o  ri.  This  n  b  risynchr  o  no  us.  s  upcr  vis  ory  ?igria  1 
^^^ri-hook<^d  off-hook)  Will  jse  repeated  until  the^ 
'\"  circuit  is  reined.-     _        '    ^    /  : 
-   -  Rot^ary   s,witch    RS   ^eps  self-iplerrupt^^ 
'contactSj4.  6,  and  ^  of  level  A  to  provide  for  proper 
timing  of  onthook/off-hobk  supcrvisibn.  For  this 
r  eas  b  ri .  t  he  s  c  q  ue  nee  cha  rt  s  h  b  ws  o  per  at  i  on  oft  he 
'  switch^through  stepping  of  the  A  and^_wipers._Study 
th^  Sfjqucncc  chart,  shown  in  figures  3-3A,  3-3B,  and 
3^3C;  for  bpcjiiuon  of  itic  s.witch-through^  step  12: 
/  v  Reieuse:  R-dafys  D,  G,  B,  D^and  possibly^  and  G 
/  arc  operated  j>fi  or  to  rclepc.  When  the  AUTO  VON 

:  icchnipian  completes  the  mx  he  wijl  disconnect  froi^  , 
'    the  test'  circuit.  When  the  reverse  battery  test  line 
ci r c ui t  reach e s  an  P  n-  h o o k  tc r trii  n  at i  b t he  c b  ri ricct  or 
will  jciease,  retnoving  ground  from  lead  CN  causing 
relay  P  to  release: 

_  fl.  D  relay  releases.  D  coritacts  10  and  1 1  open  the 
pulsing  circuit  for  relay  _C,  D  contacts  |  and  9  open 
the  grd u  n d  b  ri  Ic a d  ST.  D  cb  rit  acts  6  a  n d  7  b ^  ri  t  he 
hbldirig  grciUrid  for  relays  G,  B,  E,  and  F:  D  contacts  I 
and  ^complete  a  homing  circuit  tp' rotary  switch  RS. 

b.  RS  hbmes.  Rbtary  switch  RS  "OW  coritacts 
operate  when  the  rotary  switch, reaches -the  home 
position  broking  the  homing  circuit  for  RS. 

Exercises  (817): 

Use  foldout  9  (fig:  ?)  and  figures  3-3A,  3-3B,  ancf3-3G 
to  cbrripiete  the  following. 


1.  What  is  the  termination  pi'ovided  to  the  connector 
by  the  reverse  battery  test  line  circuit  during 
|eizure? 


2.  What  relay  is  the  first  to  operate  during  sejrure? 
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5l^' 


3.  What  happens  in  the  i^crsc.  battery  test  circuit 
during       sect)nd  ringing  cycle?  ,  . 


contacts  provide  the  ground  to  operate  the 
rotary  switch  the  third  time? 


5.  WhS  does  the  G  retay  in  the  reverse  battery  test 
circuit  operate,  and  to  what  ground  does  it 
operate? 


6.  When  b  dial  tone  retiprnecl  jo  the  connector  with 
Tespect  to  the  rotary  switch  wiper  position? 
\ 


818.  Using  foldbtii  10»  distinguish  tiM  actipn»'  that 
occw  in  tife  eiHl  ofTlce  icR>p  around  test  drcuit  living 
a  stability  test. 

•_  End  Office  Loop  Around  test  Ckeiifi.  ThisjCLrcuit 
(foldout  10,  fig.  AA)  enables  the  AUTOVON 
technician  td^  make  one-way  and  two-pfy"' 
transmission  test  cS  each  access  Hnr_  without  ?the 
IssistaiKc  of  the  PABX  attendant^  Th^^^ 
circuit  (tecriptions  and  sequence  charts  j(figs:^*4A,  3- 
4B^  and  3-4C)  iiKlude  circuit  pper^idh  dWihg  a 
stability  test,  establishing  the  dB  ioss  of  an  accaNUine 
and_compietion  of  a  loop  around  test.  Use  '^SP*  and 
"NJ**  wiring  options. 

Stability  t»t.  ^Stability"  is  defined  as  ••freedom 
from  undwired  variatibh.''  To  make  the  stability  test, 
the  AUTOVON  technic^  tjic^  required  test 

number  to  access  connector  terminai  No:  1: 
Cohhecibr  terminal  No.  |  b  marked  idle  to  the 
connector  by  resistance  battery  from  relay  LAC  on 
the  e  lead. 

•S^^*- JJ^ipn  cvit-tfe^^  coTn^oi^traM 
ringing  current  over  the  line-Joop  (+ and  causing 
vacuum  tube  Tl  to  conduct.  The  circuit  i>rpn<fe  900- 
ohm_  2-micrctfarad  liiM  tortmiiation  AUTOvON 
upon  s^vitch-through  of  the  connector  (via  R3,  C3). 
We  will  diKUM  the  detailed  o^ 
circuits  by  analyzing  the  1 1  steps  of  the  rotary  switch 
TS: 

(1)  Ti  conducts.  When  the  vacuum  tube  Tl 
conducts^  it  gives  a  low  r^istance  loop  tathe  ringing 
ctirreltt. .^This  cauM^s  the  connector  to  cu|  off  rin^ng 
cjint^itt  aAd  operates  relay  CLl  tonts  ^^^i*"  contacts. 
When  ringing  current  is  removed,  the  vacuum  tube  Tl 
stops  conducting,  and  the  drcuit  _  gives  on*hook 
supcryision  to  the  connector.  \ 

(2)  CLl  operation: 


a.  CLl  operates  to  "X** contacts.  CLl  **X- contacts 
2T  and  3T  cornplctc  a  fult  operating  path  for  CLl. 

b.  Chi  operates^uUy:  (Sbi  contacts  3B  and  4B 
shoii  circuits  its  No.  1  witidihg.  CLl  contacts  9B  and 
iOB  grounds  lead  ST  to  start  the  interrupter  circuit,^ 
CLl  contacts  7B  nod  8B  preparc_a  pulsing  path  fir 
relay  INT.  CLl  contacts  5B  and  6B  complete  a  circuit 


to  relay  ST: 


NOTE:  Relay  ST  will  hot  operate  if  ground  is  oh 
\      the  J>0-IPM  lead  at 'tunc  CLl^  q 

short  circuit  (ground  shunt)  on  the  No.  1  winding 
of  relay  ST.  Relay  ST  operates  when  60-IPM 
'  ground  pulse  is  removed.^ 

_       ST  relay  _pi>5fates^  S"F  xrbntacts  4  and  5 
complete  a  pulsing  path  for  relay  INT  to  the  6d-lPMi 
lead.  .V.    ,  ' 

_W         relay  ofKrratcs.  IN^^^  and  3 

complete;  an  operate  path  for  rdpry^witch  TS. 

(5)  TS  "operates.  Rotary  switch  TS  ppcrates.  it^ 
interrupter  contacts,  but  the  rotary  switch  wilKnot 
step  at  this  time  due  to  it^^* indirect  drive  feature. 
_        INT  rd ay  releases.  INT  contacts  2  arid '3  open 
the  drcuit  to  rotary  switch  TS: 

(7)  TS  releases.  Rotary  switch  TS  steps  its  wiper  to 
contact  No.  1  (step  1)  and  closed  its  intcrruptcf 
contacts.  TS  "ON"  (off-normal)  contacts  close. 

NOTjE:  The  "Of^"  contacts  are  open  when  the 
rotaru  switch  is  in  the  home  position. 

(8)  "Qw"  contacts  3  and  4  complete  ah  operate 
path  fo/ relay  TT; 

a.  TPsfelay  opei^tes.  TT  contacts  2T  and  3T,  5T 
and  6T  close  ah  open  circuit  liiie  terminatibh  to  tte 
AUTOVON  switch.  TT  contacts  7T  and  8T  short 
resistor  Rl,  providing  off-hook  supervision  to  the 
connector^ 

NOTE:  T6c,  open  circuit  tine  termination  is 
continiu^d  for  10  seconds.  R<:^^  INT  continues 
to  pulse^lo  the  60-IPM  lead  stepping  the  rotary 
switch  TS.  When  the  rotary  switch  is  on  the  10th 
contact  (step  ib),  the  TS  intcfruptcr  contacts 
complete  a  circuit  to  relay  SH. 

b.  INT  relay  operates.  INT  contacts  2  and  3 
complete  a  circuit  to  rotary  switch  TS. 

<::  TS  operates.  TS  [nterrupter  contacts  2  and  3 
completes  a.  circuit  to  relay.  SH.  _ 

SH  relay  operates.  SH  "X"  cbhtacts  1  and  2 
complete  a  hold  path  for  itself.  SH  contacts  7  and  8 
prepare  a  path  for  short  circuit  line  terminatibn.  SH 
contacts  4  and  5  prepare  an  operate  path  for  relay 
TM.  Rel^^M  will  not^operate  at  this  time  due  to  the 
stepping  spec^d  of  the  rotary  switch.  TS  will  have 
released  its  ixitim'uptej^  cotitacts  by  this  time: 

e.  INT  relay  feleases.  INTLcontacts  2  and  3  opens* 
the  circiut.tb  rbtiM^^ 

/  TS  rel^esljlotary  switch  TS  steps  its  wiper  to. 
its  home  jjositicm  (contact  N),  operating  its  "ON^ 
contacts.  TS  i|[itcrrupter  contacts  close. 
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END  OFFICE  LOOP  AROUN'D  TEST  eiRCUIT  H-83243 


Fig  4A  (ase  UF  wiring) 

C  i  re  ui  t .  m  ar  ked  id  I  e  by  /es  I  s  tanc  e  ba  tte  f  r  o  m 
No;  2  winding  of  relav^iAC  (N.  i.  windings) 

Ringing  current  over  leads  +i 

Fires  Tj  &  Ct*  "X"  (#1  windings') 
"X**  contaclt^^  ^ 


Cuts  off  ri 


nginj( 


current 


1  

stv 

nZ  wifidihgs 


CLj     (#2  windings) 
fulL^  

"  I 

Gnds 
St  lead 


Shorts 
#1  windings 


INT 


To 
160 


Pr^ares 
'    locking  gnd 
IPM     Sh.  TM 


^  Prepares  pulsing- 
ekt  to  magnets 


TS 


( 


*lf  ghd  pulse  IS  rec. 
on  60  IPM  beforqi 
winding  No.  1  &  No.  2 
of  relay  ST  are  closed, 
the  pulse  short  circuits 
No.  1  winding  of  ST. 


At  the  end  of  pulse  No.  1  &  No.  2 
windings  are  connected  in  series. 


   OMm^xyltjr  xcoii& 

Relays  operated;.  CLl  St 
1st  pulse  on  60  IPM  lead 

i_ 
TS 

'  -  -I 

End  of  l^t  Pulse 


w^ers  on  step  1 


INT  springs 


On  contacts 
restore 


tt  * 

 I   ■ 

closes  a_short  circuit  term 
INT  &  TS  operate  to  10th  step 

-L   

SH       1st  10  second 

I-  .  ^ 

^  SH        Holds  / 

'  End  of  10th  Pulse 

I  #10  sec 

S    C^T)       open  term 

until  TT 

(TS)  releases 


contac 


is) 


Provide  a  1  second  900  il  2^  f 
line  term: 


Rotary  Switch  Continues 
1st  Step  Gnd 

^  TT 

Short  ckt  term  for  no  seconds 
^th  step 

TM       2d  10  second 
TM  Holds 
Provides  1  90011    line  term. 

,    __   .       ..  A 

RTl  &  RT2  in  parallel  with  R-3 

Next  step  -  rotary  switch  opens  path  to  relay. 


Figure  3-4 A.  Sequence  of  end  office  loop  around  test  circuit  operation. 
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END  OFFICE  LOOP  AROUND  TEST  CIRCUIT  -H--m43  


Rt'oyidefl'a  1  second  900  2mf  line 
termination. 

Line  term  applied  to  connector  No.  1 
as  long  as  connector  No:  1  is  held 


Seizure  by  Connector  Ho.  2  with  terminal  No.  i 
hold  relays  operated:  CLl, ST.  SH  &  TM  Circuit 
marked  idle  to  connector  No.  2  by  neg  battery 
from  winding  No.  2  of  relay  TT  (N.  1.  windings) 

Ringing  current  over  +2  4nd  -2  leads. 

T2  &  CL2  ^ 


Removes  ring  10B|  IIB  8T I  9T  ial2B  IBjL^B 
curreRt  Gnds        LAC  fsm 

ST  lead 


ac^ 


2  fT 
Connector 
No.  1 


5  i  _6 : 

Coraiecior 
No.  2 
J 


Loop  Around  Test 


Relays  Operated:  CH,  CL2,  TT;  LAC  &  ST 

Connector  No.  1  Releasies  First  ' 
Gnd  Removed  from  C  lead 


IB  I  2B 
Gnds  ST 
lead  to  tone 
generator 


5T 


6T 


4T  I  5T 
Gnds  C  lead 
connector  No.  1 


5-6  I  2-3_ 
Opens  T&R 
t-2  &  -2  leads 


Connector  No.  2  receives 
1000-cycle  test  tone  for 
10  seconds 


60  IPM  tead  steps 
^\ 
INT 

.1 

TS- 
Step  10 

TT) 


Replaces  tone  with  line  term  R-4.  C-1.  C-5. 
for  1  second 


Connector  No.  2  Releases  Gnd  removed 
from  C  lead 


Circ4iit  Normal 


Conhectdr  No.  2  release  first  Gnd  removee 
from  C  lead 


3T  I  4T 
C  lead 
res.  batt 
relay  TT 


IB-^B 


Connector  No._  1 
open  ckt  term.'  10  sec 

1  sec  line  term 

j- 

SH 

4  - 

10  sec  Short  term 

L 

TM 

STABILITY  CHECK 


Figajfe  3-4B:  Sequence  of  end  office  loop  aroond  test  circuit  operation. 
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END  OFFICE  LOOP  AROTOD  TEST  CIRCUIT  H-83243 


Connector  No..  1  Releases 
Cnd  removed  from  C  lead 


8B 


isN     /ST  leadN 


14DB     5^6B  9T 
ST 


OT    9T  [  lOT 

SH)  Crm 


T£ 

Homes 

O.  N.  springs 


Seizure  by  ConneSlpr  No.  2 
Gnd  on  C  lead 


3T  I  4T    2B  |  3B    IObJ  IIB    3B  |  7B    6T  |  7*1 


Removes  Gnds  ST^  Gnds  ST 

-batt  of  lead  to     lead  to 

TT  from  ton^  INT 

C  lead  gen 


ST  I 

INT 


TS. 


Gnds_ 
lead  C 
marks 
conn 
No,  1 
batt 


TT 

 .  L.:_ 

Tone  (1000  cps)  again 

 L:-  - 

Followed  by  1  sec  line  term 

Cyciin^j  countings  as  long  as  conn  No  2 
is  held 


Connector  No.  2  rieleases 
gnd  removed  from  C  lead 


lOB  IIB  2B  3B   6B  7B   8B  9B  6T  7T  3Tl4T 


ST  gnd 
INT  ckt 


ST  gnd 

tone 

gen 


1000  CPS 
10  sec 


1st  step 

O.  N.  springs 
3  |4 

TT 


3B 
6B 


O.  N:  springs 


1000 
tone 
conn  #2 


900X1  16nrf  line  term 

-  I 

next  step 
I 

TS 


Opens 

data 

to 


O,  N.  springs 


(TT)) 
Circuit  Normal 


trans-  TT 
fers       to  C 
lead  C  lead 
conn 
No.  1 


MVA-  167 


Figure  3^C.  Sequence  of  end  office  loop  ai-bund  lest  circuit  operation. 
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(9)  -ON**  cbhtacts  3  and  4  open  the  circuit  to  relay 
Tt:  __  ' 

q.  TT  relay  releases,  TT  contacts  IT  and  2T,  4t 
and  5T^providc  1  second  of  90(Vdhm  2-micrbfarad 
line  termination  to  AUTOVOtV;  Tt_  contacts  IT  and 
^J  rcinavc  tlfc  short  from  resistor  Rl  providing  on- 
hook  supervision  to  the  cdnncctdr/^ 

b.  INT  relay  operates.  INT  contacts  2  and :  3 
complete  aLcircUit  to  rotary  switch  TS, 

c:  TS  operates.  Rotary  switch  TS  operates  its 
interrupter  contacts. 

*'*^'^y  r^l^as^^^^^  2  and  3  open 

the  circjuit  to  rotary  switch  TS. 

releases.  Rotary  switch.  TS  steps  its  Wiper  to 
contact  No.  1  (step  1)_  arid  operates  its  interrupter 
contacts.  TS  releases  its  '*0N''  contacts. 

NOTE:  TS  has  a  three-arm  wiper  arrangement; 
therefore,  it  has  only  1 1  steps  instead  of  33  as 
used  in  the  reverse  battery  test  line  circuit. 

(lO-^N"  contacts  3  and  4  complete  a  circuit  to 
relay  TT: 

4-  TT  relay  dperatcs.  TT  contacts  2T  and  3T,  5T 
and  6T  complete_a  path  for.  short  circuit  line 
termination  to  AUTOVON  (via  C8  and  "W^'  winrig)^ 
TT  contacts  7T  and  8T  short  resistor  Rl,  providing 
off-hook  supervision,  to  the  cbhnanbr. 

NOTE:  Relay  INT  will  cdntinuc  td  pulse  to  60 
iPM,  stepping  the  rotary  switch  TS.  The  short 
<  circuit  line  terihihatioh  will  last  for  10  seed ^ 
When  the  rotary  switch  is  on  the  lOth  contact 
(step  10),  the  TS_ interrupter  contacts  conpplcte  a 
circuit  td  relay  TM. 

INT  relay  operates.   INT  coritacts  2  a^  3 
complete  a  circuit  to  rotary  switch  TS. 

c.  TS  operates.  TS  interrupter  contacts  2  and  3 
cdmplrtc  a  circuit  to  relay  TM.   

d,  TM  relay  operates.  TM  ^^X"  contacts  1_  and  2 
complete  a  hold  path  for  itself.  TM  contacts  7  and  8 
prepare  a  circuit  fdr  9(KM)hm  2-microfarad  line 
termination.  ^   

e,  INT  relay  releases.  INT  contacts  2  and  3  open 
the  circuit  t^o  rotary  switch  TS: 

/  TS  releases.  Rotary  switch  TS  steps  its  wiper  to 
the  home  posuidn  (cdtitact  N_)_,_o^^  its  "ON^ 

contacts:  TS  interrupter  contacts  release: 

(11)  **bN"  contacts  3  and  4  open  the  circuit  to  relay 
TT:  ^ 

a.  TT  relay  releases.  TT  contacts  7T  arid  8T 
remove  the  short  on  resistor  il,  providing_on-hooJc 
supervision  to  the  connector.  TT  contacts  IT  and  2T, 
4T  arid^T  cdmplctc  a  path  fdr  900-ohm  2-micrdfarad 
line  termination  to  AUTOVON. 

b.  The  rotary  switch  will  continue  td  step  until  the 
circuit  is  rdcas^^^^  TT  will  operate  for  10 
seconds  and  release  for  1  second.  AUTOVQN  will 
receive  the  9O0Hohm  2-microfarad  line  termination 
continuously  until  the  circuit  is  released. 


Retease,  Since  release  sequence  is  the  same  for  each 
time  the  circuit  is  released,  we  will  discuss  circuit 
d per ati d  ri  d  uri  rijg  release  f rd  rri  a  Id o p  a ro  und  test . 
Assume  that  all  relays  are  released,  and  the  rotary 
switch  is  in  the  home  position. 

Exercises  (818): 

1,  What  is  the  purpose  of  the  end  office  loop  around 
test  circuit? 


Use  folddut  10,  figure  4A,  td  complete  the  following, 

2.  What  line  terrriiriatiori  docs  AUTOVON  sec  wheri 
the  connector  switches  through  to  terminal  1? 
Terminal  2? 


3:  When  docs  the  TT  relay  release  and  what  circuit 
action  is  responsible  for  its  release  during  a 
stability  test? 


819.  Using  foidout  10,  Identify  the  actions  that  occur 
in  (lie  end  office  loop  around  test  circuit  wheri 
eitabUshing  known  dB  loss. 

Establishing  Known  dB  Loss.  To  establish  a  known 
dB  loss,  connector  terminal  No.  2  must  be  accessed. 
This  will  connect  the  l,d00-Hz  tdric  supply 
(TrS-39B)  to  the  end  office  loop  around  test  circuit. 
The  AUTOVON  technician  can  then  measure  the 
1,000-Hz,  0-dB  tone  to  dctcrriiine  the  dB  loss  of  the 
access  line.  _ 

Seizure,  Access  to  cdh hector  terminal  Nd,  2  is 
dbtairied  byjiialing  the  assigned  test  number.  The  test 
circuit  is  marked  idle  by  resistance  battery  (via 
winding  relay  TT)  on  the  C  lead: 

a.  Upon  seizure,  ringing  current  is  extended  over 
the  Unc  loop  (—  and  -h),  causing  vacuum  tube  T2  td 
coitduct: 

(1)  T2  conducts.  T2  conducting  offers  a  low 
resistance  liric  Iddp,  causing  the  cdriricctdr  td  cut  off 
ringing  current  and  operate  CL2  to  its  *X''_contacts^ 

(2)  CL2  operates  to  "X"  contaas,  CL2  "X" 
cdritacts  IT  and  2T  complete  a  full  operating  path  for 
itself:    -   

(3)  CL2  rclai^  of^ecates.  CL2  contacts  2B  arid  3B 
grdurid  ST  lead  to  start  l,(X)6-Hz  tone  supply 
(TTS-39B).  eL2  contacts  4B_  and  5B  short  out  the 
No.  1  winding  of  CL2.  CL2  cdritiacts^  6T  and  TT 
ground  the  C  lead  on  connector  terminal  No,  1, 
marking  U  busy.  CL2  contacts  lOB  and  1  IB  ground 
lead  ST  to  start  interrupter  circuit.  CL2  contacts'6B 
and  7B  complete  a  circuit  to  relay  ST 


NOTE:  CL2  contacts  8B  and  9B  close  a  circuit  to 
shunt  No.  I  winding  of  rcJay  ST  to  prevent  it 
from  operating  if  60>IPM  lead  is  grounded. 

W  relay  operates.  ST  contacts  4  and  5 
complete  a  circuit  to  pulse  relay  INT  to  thi  60-IPM 

lead,    j 

(5)  INT  relay  operates.  INT  contacts.^  2  and  3 
complete  a  circuit  to  rotary  switch  TS.  I 
•  (6)  T^  operates.  Rotary  switch  TS  operates  its 
interruptW  contacts  but  docs  hot  step  its  •wijj>cr  due  to 
the  indirect  drive  feature:.  _ 

(7)  INT  relay  releases.  INT  contacts  2  and  3  open 
the  circliit  to  rotary  switch  TS.  »  , 

(8)  TS  releases.  Rotary  switch  TS  steps  its  wiperlo 
contact  No.  1  and  releases  its  interrupter  contacts.  TS 
-ON**  contacts  release.  \ 

b.  "ON**  contacts  3  and  4  complete  a  circuit  \o 
relay  TTj   

(1)  TT  relay  operates.  TT  contacts  7B  and  8B 
pro*vidc  ofT-hook  sujjcrvision  to  the  connector.  TT 
contacts  5B  and  6B^  2B  and  3B  complete  a  circuit  to 
provide  the  1,000-Hz,  OhJB  test  tone  lb  the 
AUTOVON  technician: 

(2>  The  rotary  switch  will  continue  to  siep_  in 
response  to  relay  INT,  which  is  pulsing  to  the  6(PIPM 
lead:  The  i,OOG-Hz,  O-dB  test  tone  will  be  returned  to 
AUTOVON  for  10  seconds  and  removed  for  1  second 
vja  the  contacts  of  relay  TT.  When  the  rotary  is  witch  is 
in  the  home  position  the  "iiK^  contacts  operate 
breaking  the  circuit  to  relay  TT.  This  rcrnbyes  the 
UOOO-Hz,  0-dB  test  tone  and  replaces  it  withr900-ohm 
i6-microfarad  line  termination. 

Release.  Release  will  be  similar  to  release  from  the 
loop  around  test  which  is  discussed  ncxt^  Assume  that 
all  relays  are  released  and  that  the  rotary  switch  is  in 
the  home  position. 

Exercises  (819): 

1:  Which  connector  terminal,  of  the  end.  office  loop 
around  test  circuit,  is  used  when  performing  the 
established  known  dB  loss  test? 


2.  At  what  level  is  theX^OGO-Hz  test  tone  transmitted?  ^ 


3.  What  effect  do  resistors       thfbugh  R9  hay^^ 
the  i,0GG-H2.  tesj  tone  when  the  dB  loss  is  being 
established?  Why? 


820.  Usih^  foldout  10,  Identify  the  actions  that  occur 
in  the  ofllce  lo'op  around  test  circuit  during  the 
loop  around  test. 

.  ■  * 
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Loop  Aroond  test.  The  AUtOVGN  technician 
must  access  connector  temiinal  No.  1,  first,  and  theh» 
cbhniectbr  tcriiiihal  Nb.  2  tb  make  the  loop  around 
test:  in  the  previous  circuit  description  .  the 
AUTOVON  technician  made  a  stability  test  oh  the 
first  access  line  (line  A,  fig.  3-1).  He  then  determined 
the  dB  loss  ofNthe  access  line.  He  will  now  access, 
cohnegtor  terminal  No.  1  with  the  next  access  line 
(liile  B,  fig.  3-1)  to  be  tested^  Access  of  connector 
terminal  No:  I  will  be  the  same  for  this  line  a$ 
|p|fcvipusly  _  described  during  a  stability  test.  The 
W  UTOVON  technician  will  make  a  stability  test  of  the 
second  access  line.  After  completion  of  the  st^^ility 
test,  he  will  hbld  the  atcess  line  and  access  cbnhectbr 
lerminal  No:  2  with  the  initial  access  line  (line  A,  fig. 

3-1).    ,  . 

1  5eftwr^  Rdays  CU  ST.  SH,  TM,  and  possibly  TT 

a|re  operated  because  of  connector  termtnal  No.  I 
ing  held  operated. 

lUpbh  seizure  of  cbnhert or  terminal  No.  2,  ringing 
rent  is  extended  over  the  line  loop  (~  and  +), 
sing  vacuum  tube  T2  to  conduct: 

T2  conducts^  T2  conducting  offers  a  low 
reShBtance  fine  loop  causing  the  connector  to  cut  off 
".hgipl  current  and  operates  relay  CL2  to  its  "X** 

conitacts: 

CL2  operates  to  **X''  contacts.  CL2  ••X"  conUcts 
IT  ihd  2T  complete  a  full  bperatcjpath  for  itself.^ 

c.  |,GL2  relay  operates:  Ct2  contacts  4B  and  ^B 
short  out  its  No.  I  winding.  CL2  contacts  3T  and  4T 
remdVe  the  resistance  battery  fi^om  the  C  Jead.  CL2 
cbntailcts  6B  and  7B  complete  a  circuit  fox  an  alternate 
ltoyjf?oJo  rcl^  8B  and  9B  cbmplde 
an  alternate  path  for  60-1 PM  ground.  CL2  contacts 
IB  and 2B  open  the  circuit  to  relay  SH  and  TM.  CL2 
contact^  5T  and  9T  cbmplctc  a  drciut  to  relay  LAC. 
'CL2  contacts  10T  and  I JT  cbmplet|  a  circuit  to  short 
rcsistbijiR2  to  return  off-hook  supervision  tb  the 
connector.  l 

NOTE:  Since' cbrinectbr  term  1  is  being 

helid,  rotary  switch  TS  is  continuously  stepping: 
Relay  TT  will  be  operated  JO  seconds  and  ^ 
released  1  second  iii  response  to  the  "ON^ 
contacts  3  and  4n 

d.  SH  relay  releases.  Relay  SH  serves  no  function 
at  this  time.  ^ 

e.  TM  relay  releases.  Relay  TM  serves  rib  furiction 
at  this  time. 

_  JLAC  relay  operates.  LAC  contacts  2  and  3  and  5 
and  6  connect  connector  terminal  No.  1  to  connector 
terminal  No.  2  for  the  loop^arou^  test. 

The  AUTOVON  technician  will  have  the  circuitry 
for  making  the  lob])  ^^a^^^^  for  JO  seconds 

interrupted  for  I  second  by  900-ohni  2-microfarad 
line  termination  to  connector  terminal  No.  2.  This 
condition  will  be  rej)eated  until  the  circuits  arc 
released:  Relays  operated  are  CLl,  CL2,  LAC,  TT. 
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and  ST.  Relay  INT  is  pulsing  to  60  I PM,  and  re[ay  TT 
is  operated  for  10  ^ecojidiL  and  released  for  I  second. 

Release.  The  AUTOVQN  technician  can  release 
either  connector  terminal  No.  1  or  2  first:  Therefore, 
we  will  first  cover  release  of  connector  terminal  I^o^  1 
^hd_  then  the  release  of  connector  terminal  No /2. 
Relays  operated  priocto  rclase  are  Ctl,  6Lf5  ST,' 
LAC,  arid  jjpssibly  TT: 

4.  When  the  technician  releases  connector  terminal 
No.  1  aground  is  removed  from  the  C  lead  releasing 
relay  CLl:  _    _  ; 

(1)  CLl  relay  releases:  CLi  contacts  4T  and  5T 
conipletc  a  circuit  for  ground  on  the  C  lead  to  riiark 
coriricctor  tcrmmal  No.  1  busy.  CL 1  cbhtacts  5T  and 
6T  open  the  circuit  tojclay  LAC.  CLLcontacts  IB 
and  2B^ound  lead  ST  to  start  l,OOC^Hz  test  tone 
supply  (TTS-39B). 

(2)  LAC  relay  releases:  LAC  contacts  la  and  11 
and  7  and  8  complete  a  circuit  for  1,000- Hz,  O^B  test 
tone  to  connector  terminal  N().  2._  _  ^ 

NOTE:  The  l,OdO-Hz:  test  tone  (10  seconds), 
fqllowed  by  900-6hm  16-microfaratf  line 
termination  (1  second),  is  repeated  untij 
connector  terminal  No.  2  is  released.  Release  of 
connector  terminal  No.  2  removes  ground  from 
^Icad  C  releasing  relay  CL2. 

(3)  CL2  relay  releases.  CL2  contacts  6T  and  TT 
rctriovc  the  ground  marking  cbrinector  tcrmin^^ 
busy.  CL  2  contacts  3T  and  4T  place  resistance 
battery  on  lead  C  to  riiark  coriricctor  terminal  No.  2 
idle.  CL2  contacts  5T  and  6T  place  resistance(battery 
on  lead  C  to  mark_connectoj  terminal  No.  1  idle.  CL2 
contacts  6B  and  7 B  open  tHTcircuit  to  relay  ST.  CL2 
contacts  8B  arid  9B  open  the  pulsing  path  for  relay 
INT^  CL2  contacts  lOB  and  I  IB  remove  ground  on 
the  ST  Icid  to  interrupter  circuit.  CL2  contacts  2B 
and  3B  rcmjwc  ground  on  the  ST  lead  to  i,GOO-Hz 

*  test  tone  supply. 

(4)  ST  relaj^  releases.  ST  contacts  1  and  2  complete 
an  operate  path  for  rotary  ?    tch  TS.  

(5)  TS  operates.  Rotary  switch  TS  steps  self- 
inter  ruptcdlx^oLi^  sjibmc  position.  TS  **ON^  contacts 
i  and  2  open  the  homing  circuit. 

NOTE:  The  circuit  is  now  ^t  normal.  The 
AUTO  VON  techriician  could  have  released 
coriricctbr  terminal  No.  2  first.  Release  of  the 
connector  caused  ground  to  be  removed  from  the 
C  lead  releasing  relay  CL2. 

(6)  CL2  relay  releases.  CL2  cbritacts  8T  and  9T 
open  the  drcuit  to  relay  LAC.  CL2  (jpntacts  LB  and 
2B  prepare  a  lockup  path  for  relays  35H  and^M. 

{!)  LAC  relay  releases.  LAC  cbritact^l  and  2  and  4 
and  5  return  open  iine  termination  to^connector 
terminal  No.  I. 


NOTE:  The  rotary,  switch  TS  will  step  under 
control  of  relay  INT.  TTic  circfct  operation  will 
be  the  same  as  in  a  stability  test  in  which  the 


following  tine  terminations  are  returned  J  to 
connector  terminal  No.  1:  / 

•  lb  Sccbnds  open  -  1  second  9()0-dhm  2- 
microfarad.   

•  10  seconds  short  circuit  (C8)  -  1  second  900-ohm 
2-microfarad: 

•  Cojitinuous  900-ohm  2-microfarad  until  circuit  is 
released. 

6.  The  AUTOVON  technician  will  ribw  release 
connector  terminal  No:  2:  When  the  connector  is 
released,  ground  is  rembved  from  the  C  lead  releasing 
relay  CLl:  • 

(1)  CLl  relay  releases:-CLl  contacts  5R  and  6B 
opcri  the  circuit  to  rclay  ST,  CLl  contacts  7B  and  8B 
open  the .pUJiiiftg  path  fbr  relay  INT,  CLl  cbntacts  9B 
and  I0B  remove  ground  from  _  the  ST  lead  to 
interrupter  circuit.  CLl  contacts  9T  and  lOT  open  the 
circuit  to  relays  SH  and  TM: 

(2)  SH  relay  releases.  SH  relay  serves  no  furictibri 
at  this  tiiiic. 

(3)  TM  relay  releases.  TM  relay  serves  no  function 
at  this  time. 

(4)  ST  relay  releases.  ST  contacts  1  arid  2  complete 
a  circuit  to  rotary  switch  TS.  ___  : 

(5)  TS  operates.  Rotary  switch  TS  steps  self- 
interruptedly  tb  its  home  position  operating  its  **0N'' 
contacts  1  and  2  opening  the  homing  circuits. 

Exercisei  (820): 

1.  During  the  loop  aroufid  test,  what  contacts  tie  the 
tip  and  ring^  of  terminal  1  to  tip  and  ring  of 
terminal  2?  What  terminal  must  be  accessed  first? 


\  the 


2..  What  contacts  provide  the  ground  that  allows  i 
fotary  switch  TS  to  step  self-interruptedly  to  the 
home  positiooT"^  ^ 


3-2.  Test  Equipment 

The  interface  equipmcrit,  like  the  Strowgcr  and  XY 
equijjriierit,  requires  sorhc  spec^ial  test  eqUipmc^^^  as 
well  as  some  test  equipment  that  is  used  in  all  central 
offices. 

Iri  this  scctibri  ybli  wiU  spend  ybUr  time  with  the 
special  test  equipment  primarily..  Multimeters  and 
current  flow  test  sets,  though  used,  do  not  require 
discussion  at  this  time. 

821.  Give  the  specific  purple  of  each  of  a  group  of 
selected  pieces  of  test  equipment  used  to  test  and 
maintain  interface  equipment.  ' 

The  make  and  model  of  any  given  piece  of  test 
equipment  used  to  test  and  maintin  the  AU^ 
interface  equipment  may  vary  from  one  central  office 
to  another.  However,  you  arc  int'trcsted  in  what  a 
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particular  piece  of  equipment  does  and  not  the 
differences  between  makes  and  models  of  the  same 
Riiid  of  test  equipment. 

In  maintaining  the  interface  cquipineni,  you  will 
use  a  vacuum-tube  voltmeter,  an^ ?^^^tP??ic^oUntcr,  a 
signaling  test  set,  a  control  signal  generator  (CSG), 
and  an  audio  oscillator.  Sqitic  of  this  same  test 
cquijjrneht  is  iiscd  for  testing  of  the  base  cable  plant, 
which  is  discussed  ia  Chapter^,  of  this  volume. 

Vaciiiim-Tiibe  Voltmeter  (VTVM).  A  vacuum-tube 
voltmeter  is  used  to  measure  voltage  and  decibels 
during  the  testing  of  the  SF  signaling  set,  line 
.amplifier,  PTMF^  keyset  cquijmieTit,  and  the  basic 
trunk  circuit  A  decibel  is  defined  as: 

•  dB— A  dimehsiohless  unit  for  cxprcssihg  the 
ratio  p^twd  valiics»  the  nimibcf  of  decibels  being  10 
tigges  the  logarithm  to  the  base  16  of  a  power  ratio,  or 
2ff^Rmcs  the  logarithm  to  the  base  10  of  a  voltage  or 
current  J'at  id.  \      _  _ 

•  dBm — A  unit  usedi  to  describe  the  ratio  of  the 
power  at  any  point  in  a  trahsmissidn  system  to  a 
fcfcrcncc  level  of  1  milliwatt.  The  ratjo  expresses 
decibels  above  or  below  this  reference  level  of  1 
milliwatt. 

/  Measurement  of  decibels.  The  decibels  meter  scale 
is  pfdvidcd  for  measuring  dBm  directly  across  600 
ohms  and  for  measuring  dB  for  comparison  purposes 
when  each  mcasurerhent  is  itiade  acrdss  the  same 
circuit  impedance:  _  "  _ 

Measurement  af  y oltqge.  The  meter  has  2  vq Its 
scales:  (I)  0  td  1  and  (2)  0  td  3.  When  the  range  switch 
is  set  to .00 i,  .01,  .1,  I,  Id,  or  fOO  volts,  read  theO  to  1 
scale.  When  the  range  switch  is  set  to  .003,  .03,  .3»  3, 
30,  of  300  volts,  read  the  6  to  3  scale. 

Aiidip-Frcquency  'Oscillatbr.  An  audio-frequency 
oscillator  is  used  lb  provide  test  tdnes  for  the 
alignment  and  testing  of  AtJTOVON  interface 
equipment.  Special  circuitry  insures  ah  output  voltage 
of  Ipw^distdrtidn  and  high  stability  with  any  output 
load  impedance  frojn  zero  ohms  to  open  circuh. 

The  model  200CD  has  thr<^  wntrols  jot  the 
output^  These  are  the  (1)  range  switch,  (2j  frequency 
diat  and  (3)  amplitude  cojitrdL 

The  range,  using  model  200Cp,  is  selc^ctcd^^^^ 
5-position  switch.  The  position  of  this  switch  indicates 
the   multiplying   factor   for   the   frequency  dial 
calibration.  i  _i  

The  frequency  dial  varies  the  frequency  between  the 
s  wit  ch  steps .  The  d  ia  1  is  caii  br  a  ted  f  r  om  5  to  60,  a  nd 
its  indication  multiplied  by  the  range  switch  factor 
will  give  the  actual  output  frequency  of  the  oscillator. 
This  gives  us  a  frequency  rahg^e  of  5  Hz  to  600  kH^^^ 
covtrc(i  in  5  ranges:  A  small  knob  below  the 
frequency  dial  is  a  vernier  corifrol  for  the  dial.  Study 
the  fpllowng  exampl_c^^^^^  t  _ 

•  When  the  range  switch  is  oh  the  XlK  range^  and 
the  dial  is  on  12,  the  output  is  12  kHz  or  12,000  Hz, 

f  When  the  range  switch  is  dn  the  X 1 00  range,  and 
thi  dial  is  on  10,  the  output  is  1,000  Hz  or  1  kHz. 


»  NOTE:  This  is  the  test  signal uormally  used  in 
the  alighnierit  of  the  AUTOVON  interface 
equipment; 

The  amplitude  control  varies  ihe  output  power  up 
to  10  volts  into  a  600^bhm  load  (20  volts  open  circuit)^ 
Fdr  balanced  dperation,  the  amplitude  control  must 
be  set  for  maximum  output  (full  clockwise).  A 
balanced  output  may  be  obtained  over  the  full  range 
of  the  arnplitude  control  by  using  a  line  matching 
transformer.  This  is  the  usual  configuration  as  used  in 
AUTOVON  interface.  , 

Transmisiion  Test  Set.  The  927  A/ B  is  a  battery  f 
powered,  portable  instrument  with  both  transmit  and 
r^cci  ve  ciixii i try.  These  two  ci rcii  i ts  may  be  used 
independently  or,  simultaneously  as  required.  The  927 
A/B  is  housed  in  a  single  lightweight  fiberglass  case 
with  a  fcmdvablc  cover  and  a  carrying  handle. 
_  the  9'57  A/B  transmission  test  set  is  used  in^thc 
PABX  to  check  the  overall  quality  of  transmission  to 
and  from  the  swithcing  center:  The  purpose  of  the  927 
A/B  is  to  provide  a  single  number  rating  of  the 
q^ii al ity  of  tra hsiti  issjo n  for  a  vo iccba nd  tra ns m i ssi on 
facility:  This  rating  of  the  quality  is  a  weighted 
measure  of  the  total  amplitude  arid  phase  response  in 
the  channcL  This  rating  is  displayed  as  a  PAR  (peak 
to  average  ratia)  reading x»nlhe  receive  meter  and  will 
read  betwecri  0  and  100^  Perfect  transmissidn  (n^^ 
impairment)  is  indicated  by  a  reading  of  lOCL  Lower 
readings  indicate  the  presence  of  some  form  of 
impainneht.  The  PAR  reading  is  a  significant 
measure  of  the  pulse  waveform  distortion  and  the  ^  ^ 
capability  of  a  transmission  facility  to  reliably 
transmit  signals. 

Sighalihg  Test  Set.  The  signaling  test  set  tests  the 
sending  arid  reoeiving  of  pulses  between  the 
AUTOVON  switch  and  the  PABX:  This  test  requires 
that  a  test  set  arid  people  be  at  both  erids  of  the  trurik 
circuit. 

It  sends  pulses,  at  one  erid,^at  various  speeds  (PPS) 
a  rid  percent  ages  (ma  kc  arid  break)  and ,  at  the  dt  her  ^ 
end,  indicate  what  is  received:  The  use  of  this  test  set 
is  nectary,  when  setting  the  bias  adjiistriierit  of  the 
circujt's  S^F  unit,  to  ^^rect  the  pJtcerit  make-break 
being  received  from  iht  distant  end:  Any  pulse-per-  •  ^ 

second  cdriectiori  will  ae  riiade  by  means  of  a  resistor 
network  or  adjiist  relays  in  the  ijiterface  trunk  circuit: 

Controj  Signal  Genemtor  (CSG  V  This  is  a  compact 
iterii  not  much  bigger  than  a  smaH  S  x  8  card  «^ 
contains  a  dial,  jacks  for  a  headset,  two  lever  switches 
(twd-wirc/ four-wire,  and  on-hook/bfT-hdok),  three 
piishbutton  switches,  arid  an  E_la^p  and  M  lamp. 

This  t6t  set  is  used  to  test  the  indial  capability  of 
yoi^  equipriierit.  It  allows  you  to  test  the  iricomirig 
side  of  the  cqyi^mcnt,  with  respect  to  dial  pulses, 
without  help  from  the  distant  end  of  the  circuit.  With 
it  you  cari  test  frorp  the  two-wire  side  as  well  as  the 
four-wire  side.  When  you  go  to  off-hook,  the  E  lamp 
lights,  indicating  that  the  trurik  circuit  is  ready  to 
accept  pulses.  The  M  lamp  lights  when  the^called 
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party  ah^ers^  indicating  the  cbhd&bh  of  the  M  lead 
has  ctanged.  _  _  _    _         _    i  _ 

Ekctronk  Counter.  The  electronic  counter  is  a  very 
fj^^'^hcy^^  It  is  used  to  check  the 

frcqoency  outpat  of  the  DTMF  keyset,  SF  units, 
precise  tone  supply^ 


Exercises  (821): 

I.  What  is  the  VTVM  used  for  with  respect  to 
interface  testing? 


2.  What  ts  the  GSG  used  for? 


What  uses  we  iTO  counter  as 

related  to  interface  equipment? 


4.  What  is  the  signaling  test  set  used  for? 


5.  What  is  the  advantage  of  the  CSG  over  the 
signaling  test  set? 


6.  What  is  the  audi(>-frequency  oscillator  used  for  in 
relation  to  interface  mainteiiance? 


3-3.  PMIs  and  Circuit  Ailghmwit 

Performing  PM Is  is  nothing  more  flian  **looking. 
for  trouble/*  Yojl  always  hope  that  you  don't  find  it, 
but  yiitt  look  .anyway. 

In  Volume  2  of  this  course  we  said  that  PMIs  are  of 
difiereat  types  and  performed  on  A^^^<^^^J^>^^ 
We  also  said  that  the  workcard-type  tech'  orders  told 
you  what  test  equipment  to  use  and  gave  step-l^-step 
procures  for  a>nneGting  the  test  Equipment  and 
performing  tlie  test. 

_  SjBKX  this  _CPC  is  not  intended  to  replacx  tlMS  tech 
orders,  we  jdo  hot  go  into  ait  the  PMIs  or  all  the  steps 
cbhtained  in  any  single  PML  We  wilU  however^  look 
at  a  few  PMIs,  the  test  equipment  setup  procedures, 
and  main  steps. 


Given    ripresentaiiye    descripHbni  of 
mj^iDictioninf  equipmctit  opfi^tioiClfciermlne  the 
nype  of  PMI  and  test  eqttlpnicnt  which  sfaoidd  be  ised 
i|Kl  Indicate  why  each  such  approach  should  be  so 
used. 
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Our  objective  here  involves  accurate  performance 
on  the  basic  circuit,  DTMF  keyset,  arid  the  VF 
line  amplifier,  four*wire  terminating  set,  arid  the  SF 
unit. 

BaslG  Truiik  Circuit.  The  tcslirig  of  the  basic  trunk 
circuit  requires  the  use  of  the  following: 

•  Hand  test  set.   

•  Control  signal  generator  (CSG). 
?  Audio  bscillatbr. 

•  Vacuum-tube  voltmeter  (VTVM), 

•  Pulse  repeating  test  set. 
?  Op^ratpf's  headset. 

•  Capacitor,  0:5  fi  f. 

Pi^Hminary  steps.  Once  you  have  the  required  test 
equipment  gathered,  make  the  following  setup: 
 ( A)  Jtef Of c  imcm^ 

equipment,  get  a  circuit  release  from  the  maintenance 
sup^isor  &hd  check  at  the  attendant's  positiph  to  be 
certaipjfaat  the  trunk  is  and  will  remain  idle.  Request 
that  the  trunk  be  made  busy  at  the  AWtOVON  switch 
to  preverit  iricoming  calls  duririg  t^. 
,  (2)  Remove  t he  S F  oscillat  or,  S  F^^cdntf  ol  u  hit ,  arid 
line  amplifier  associated  with  the  circuit  to  be  tested, 
ICt_^^yAn!^J^Pi^_4^ibl^  If  these  units  are  located  outside 
the  PBX  interface  facility,  disconnect  their  signaling 
arid  transriiission  leads. 

i^)  PLP*™^or's  headset  to  the  CSG 

headset  jacks  and  set  the  CSG  hookswitch  to  on- 
^  hook.  

For  oversea  AUTO  VON  trunks  only:  set  the 
CSG  two-wire/ four-wire  switch  to  the  four-wire 
P^"^??-  Corih  Ic^ds  to  the  drop  side 

of  associated  circuit  patch  jacks,  if  these  are  available, 
pr  to  the  distrib^tirig  frariie,  as/  specified  in  tte. 
woriccards:  j  ^^^^^ 

(5)  For  CONUS  AUTOVON  trbnks  only:  sSthe 
?SG  two-wire/ four-wire  switch  \b  the  two-wire 
position:  Connect  the  CSG  test  iedds  to  terminal 
block  at  the  rear  of  the  trunk  circuit,  as  directed  in  the 
workcaitis.  ^       _  _  _ 

(6)  For  CONUS  AUTOVbN  tPijiiks  equippicd  with 
pnprity  diversion  circuit:  when  dialirig  the  number  of 
a  PBX  extension  during  theK  teits,  the  sppropriaje 
prei(»den<x  digit  inust_be  iiialed  first^  For  routine 
<»lls,  dial  dilit  4i  for  PO,  PK  P2,  or  P3  precedence 
level  call,  dial  digpit  0,  1,  2,  or  3  respectively. 

Checking  routine  NW  call  processing.  To  test  the 
trunk  for  the  processing  of  a  rdutirie  NID  call,  do  the 
following:  _ 

tD  Set  the  CSG  to  bff^hook.  The  E  lariip  should 
light: 

(2)  Dial  the  number  of  a  local,  subscriber  A 
?!^Jyi*lpnc  cqrinc^^^  vacarit  riuriiber  pri  the 

horizontal  aide  of  the  frame  works  just  fine  for  this^  A 
ringback  tone  should  be  heard  in  the  headset  plugged 
into  the  CSG. 

When  the  called  party  answers,  the  M  lamp  of  the 
CSG  should  light.  If  the  trunlT  is  arranged  for 
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attendant  transfer,  have  the  exl^nsion  user  depress  the 
hdok^wiich  ihoniehtarily;  otherwise,  proceed  to  step 
(7). 

After  depressing  the  hooJcswitch  the  attendant's 
routine  answer  lainp  should  flash  at  1 20JPM  rate  and 
an  audible  ringing  signal  can  be  heard  both  by  the 
extension  user  and  in  the  headset  or  hand  test  set. 

P)_  When  the  operator ^nswcfs  the  flashing  lamp, 
the  following  should  occur  the  routine  answer  lamp 
goes  put,  the  audible  ringing  signal  ends,  and  a  two- 
way  (or  three)  conversation  with  the  attendant  is 
possible. 

(A)  The  called  party  hangs  up  and  the  attendant *s 
routine  busy  Ismp  goes  out  momentarily;  and  the 
PABX  incomiigj^lcctbr  release.  ^  _   

(5)  Set  the  CSG  tp  bn-hpplL  Thc^ 

g06  out,  and  the  attendant's  supervisory  lamp  ligbts. 

(6)  The  operator  rerhoves  the  answer  cord.  This 
(»uses  the  attendant's  supervisory  and  rputine  busy 
lamps  to  go  out,  the  CSG  M  lamp  to  go  out,  and  the 
CSG  E-lamp  to  go  put.  -  _ 

IT)  The  called  party  hangs  up,  causing  the  CSG  M 
lamp  to  go  out. 

For  this  portion  of- one  performance  routine  only, 
the  CSG  was  used.  You  can  see  that  by  following 
thf^e  diiiE^tibns,  this  is  no  more  difficult  thaii  foutihg 
iincfmders^  _   

pTMF  Keyset.  Thc^  tohe  gciftratOT  of  ^t^^ 
keyset  b  checked  by  measuring  the  output  frequency 
and  signal  level  of  each  of  the  eight  tones  ih^i  are 
gcnerat«l  To  insure  j^i^test  accuracy  of  frequency 
measurement,  the  electronic  coiinter  is  set  up  to 
measure  the  period  (iwiprcxad  of  frequency 
tonc^  The  performance  standard  is  expressed  in 
periods,  so  that  the  electronic  counter  readout  can^-be 
directly  compared  with  the  specified  pcffortnancc 
standard.   

This  check  is  roade  using  a  VTVM  and  an 
clectfqnic  counter^  After  wartning  them  up  to  assure 
stabilized  operation,  check  the  DTMF  keyset  as 
foUpws:  ^   __ 

(1)  Connect  the  VTVM  acrc»s  tip  and  ring  of  call 
cord  circuit.  ^  _   

(2)  Deprns  keys  1  and  4  on  keyset.  The  VTVM 
should  indicate^  ^  d?"*.  (for  PABX  switchboard 
where  traxsmission  level  is  +2  dBm). 

(3)  .DSconnect  the  VTVM.  ' 

(4)  Connect  the  electronic  counter  across  tip  and 
PDftPjj**"^  cal^  cord  circuit  and  set  the  controls  on  the 
eie^ronic  counter  ai^Ued  for  on  the  wbrkcard. 

(5)  Press  the  DTMF  key*  called  fpr  in  the 
wprkj^itls  and  check  the  counter  readout  against  the 
millisecond  value^hown  in  the  workcards. 

two- Wire/Four- Wire  TermiiimtiDg  Uftit.  This  unit 
is  checked  by  applying  a  known  audio  sijtial  and 
meastmng  resulting  sigiml  levels:  You  need  an  audio- 
frequency oscillator,  a  VTVM,  test  leads,  and 
terminating  plugs.  The  VTVM  is  used  to  measure  dB 
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Levels  of  the  applied  signal  and  at  the  test  points, 
Warm  up  the  _audib  oscillator  ^rid  VTVM  and 
proceed  as  follows:  _  .  

'  l\)  Set  the  audioHfreqiichcy  oscillator  for  1,0()0-Hz 
at  0  dB  level  and  patch  into  the  HYB  2W  LINE  jack: 

^  __  (2)  Pluga60(K)hm  terminating  plug  into  thc?HYB 
REC  DROP  jack. 

(3)  Connect  the  VTVM,  terminated  in  600  ohms, 
to  HYB  TRSG  DROP  jack.  The  VTVM  should 
indicate  greater  than^  16  dBm^ 

(4)  Dbconnect  test  equipment. 

(5)  Set  audio-frequency  dscillatpr  fpr.  L®|J-Hz  at 
+7  dB  level,  and  ^nncct  to  LINE  REC  DROP  jack. 

(6)  j^Sg  a  606-ohm  terminating  plug  into  HYB  2W 
DROP  jack. 

(7)  Cotin^  VTVM,  terminated  in  600  ohms,  to 
HYB  REC  LINE  jack.  The  VTVM  should  indicate  0 
dBnL  

(8)  Disconnect  test  equipment. 


Excrdics  (822): 

Ufethe  text  and  ncoessasg^  foldouts  to  determine  the 
type  of  PMl  and  test  equipment  used  to  checkout 
trouble  dacribed  below  and  state  why  you  would  do 
it  that  way. 

I.  The  operator  on  position  2  complains  that  she  gets 
wrong  numbers  everytime  she  uses  the  AUTO  VON 
"  tnmks.    '  ^ 


2:  While  performing  a  type  1  PMI  on  the  hybrid  you 
find  that  the  levels  pbseryed  Ij-c  not  the  same  as 
those  called  for  in  the  tech  order. 


823.  Uiint  the  _text  and  appropriate  foldputs  as 
neoMUUj',  identify  tbetei^  equipment  required  to  tett 
and  align  the  pifdseJone  supply,  DTMF  Iceyset,  VF 
line  lunplifio',  aiid  SF  lignmling  nnit. 

With  the  high  priority  type^elf  AUTOVON  traffic 
and  circuitfy  involved  iii  the  intcrfaoe  cquipmcm, 
proper  alignment  of  all  associate^  equipment  (precise 
tone  supply,  DTMF  iceysct,  VF  Une  amplifier,  and  SF 
signaling  unit)  cannot  be  too  highly  stressed: 

Lct*s  take  a  look  at  the  various  pieces  of  equipment 
involved  and  what  test  equipment  will  be  required  tp 
adjust  it. 

Precise  Tone  Supply.  Tlic  precise  tone  supply 
generates^  the  preempt  tones  use^  to  notify  a 
subscriber  that  he  has  been  preempted  by  the 
switchboard.   -  

While  performing  PMIs  you  may  discover  thatJthe 
precise  tone  supply  requires  adj^ment.  The 
adjustmrat  prbcw^  the  PMI 

workcard  set  and  technical  order  that  apply  to  ^t.  You 


would  use  the  electronic  courigr,  VTVM,  and 
ihstructibhs  in  the  appropriate  TO  and  workcard  set 
to  readjust  the  precise  tone  supply  to  meet  standards. 

DTIVIF  Keyset.  The  DTMF  keyset  provides  the 
frecjuehcics  used  to  make  precedence  calls  from  the 
switchboard*  This  unit  is  normally  properly  alijricd 
during  manufacture,  but  may  require  readjustment 
after  initial  installation  or  as  components  age  during 
use:  PMls  arc  performed  on  the  unit  at  regular 
intervals,  and  if  a  discrepancy^  is  noted  it  would  be 

"  your  job  to  readjust  the  DTMF  unit  to  specifications. 
To  do  this  you  would  need  the  TO  for  the  DTMF 
keyset,  ah  electronic  counter,  DC  power  supply,  and 
nonmagnetic  alignment  tool.  The  DC  counter  wbu[d 
be  connected  as  shown  in^  figure  3-5  and  adjustment 
made  as  outlined  in  the  TO. 

VF  Line  i^piifier.  Alignment  pfdblcms  jn  tiie  V F 
line  amplifier  will  normally  show  up  during 
PS^I^^IP!^-  P^fore  aUem^^  readjust  the  VF  line 

amplifier  you  should  insure  that  all  distant  end,  near 
end  conditioning  equipment,  and  the  transmission 
f?^!^^'  with    this    circuit    meet  all 

^  transmission  criteria,  if  all  transmssion  criteria  are 
met  and  you  arc  sure  that  the  VF  line  amplifier  needs 
adjustment,  you  will  have  to  get  asastahce  from 
personnel  at  the  far  end  or,  if  your  equipment  goes 
through  a  tech  control  facility  they  will  help  in  setting 


) 

the  levels.  You  will  ^  heed  an  audio-frcgu^^ 
oscillator;  VTVM,  test  leads,  terminating  plugs,  and 
the  appropriate  TO.  You.  would  . adjust  the  RC.V. 
EQUAL,  RCV  LEVEL,  X MIT  EQUAL,  and  XMIT 
LEVEL  as  required  to  get  the  proper  levels  and* 
prevent  echo  and  singing  ip  the  circuit. 

SF  SigHBllng  Units.  The  SF  signaling  units  may  or 
may  not  be  located  in  the  central  office,  depending  on 
ypj^r  1  Ration. ^Chances  are  if  you  arc  in  the  states 
your  office  will  not  have  the  SF  signaling  units,  they 
will  be  located  in  and  maintained  by  the  local  civilian 
?clc]5hqne  compa^^  overseas,  the  SF 

signaling  units  will  most  likcty  be  in  your  office,  and 
in  thi$  case  you  will  have  to  maintain  them.  As  with 
the  VF  line  amplifier,  before  you  make  any 
adjustment  on  the  SF  units,  you  should  make  sure 
that  they  are  at  fault  and  that  there  is  not  some  o^er 
trouble  with  the  distant  end,  near  end,  or  transmhj^n 
facility. 

If  the  SF  units  are  at  fault  and  require  adjustment, 
yPJ^  will  need  help  from  the  distant  end  or  tech  control 
facility,  the  apprcmriate  TO,  a  si^aling  test  set, 
VTVM,  audio^frequjcncy  pscillatpr,  terminating 
plugs,  eledronic  counter,  and  amplifier.  Once  you 
have  it  all  together  follow  the  instructions  in  the  TO 
and  make  the  necessary  adjustments. 
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Figure  3-5.  Tone  generator  card  al: 


Iginjpr^lj-icst  equipment  connections. 
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Exercises  (823): .  2.  The  DC  power  supply  is  used  when  adjusting  the 

I.  What  lest  equipment  is  required  to  adjust  the 
precise  tone  supply? 

3.  The  AC  amplifier  is  used*  when  adjusting  the  ^ 


I 
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CHAPTER  4 


Wire  System 


TO  THIS  POINT  this  yolumc  has  bosb  cbhcerhcd 
with^thj^  operation  and  maintexuitw  of  intezfa^ 
equipment  and  circuits:  Tlds  chapter  wiii  provide 
ihfbrmatioh  on  the  transmission  lines  over  which 
infortnadon  is  delivered. 

An  uhderstahdihg  pf  cable  cxiap  makeup  is  hardly 
pdiuible,  without  anf  awareii^.of  both  the.  symbols 
employed  to  indicate  on  cable  maps  tbe  various 
compphehts  of'  the  tPabkle  plants  and  Jtw  deuptaton 
used  to  repr^ent  on  ihae  maps  cables  and  cable 
terminals.  This  section  will  discutt  thoe  symbols  and 
designators. 

824.  Uslht  figure  4-l  iis  nccosary,  state  tK  categ oHcs 
P/j^^IlJ>^!W^  identify  synib^^MdiJft  e^le  iw|h  to 
reprocnt  cable  plant  compojicnte^  and  differentiate 
tuidtfpt^iiiid  from  "biifled  cables. 

-  **Ciblc  plaht'*---<rxacUy  what,*is  the  nu^hing  of  this 
^crmlT^ic  tem  is  gci^raUjr  UK^  ^^^^^ 
tetppfhone  cables  associated  with  .one  particular 
telephone  system  or  central  ofHce.  Hdweva",  diic  tp 
the  mMy 'and  varied  typei  of  cabi»  involved  in^a 
system,  more,  specific  termis  are  required. 
Cpnsequehtly.  the  oyerail  caj^  Pjantjs  di\Hdied.into 
ouegoridi.  These  oitegoria  arc,  in  tt^rn*  divided  into 
parts.  Jlxe  two  main  dttegbries  are(l)  ••trunk* plant'' 
and  (2)  ?*distribmi<^  plant  is 
broken  into  two  parts— (IX  "trunk  cabic^"  and  (2) 
"ihicrlocal  trunk  cabfe.''  Jruiik  (»brcs  have^^^^ 
ends_t<Ttninated  in  ^ntral  office.  Usuatly  trunk 
cabi^  connut  a  base  telephone  system  with  an 
outside  commercial!  telephonic  c(»pwy._te^ 
trunk  cabte  are  main  communicalion  arteries 
between  officii  within  the  base  adihinistrativ^e 
telephone  lyf^cm-  „ 

_^bie  dismbution  plant  consists  of  three  parts:  (1) 
feed(7  cabio.  (2)  braiKh  feeder  cables,  and  (3) 
distribution  cablj».  You  will  fimJ  fig^  4-A_^'^ 
useful  as  you  examine  the  rest  of  this  text  segment: 

•  Feeder  cables  serve  as  a  connection  between  the 
central  office  and,  largfe  artas  or  several  bate 
functional  areas.  .   _  . 

•  Branch  feeder  cables  connect  main  feeder  cables 
to  individual  base  functional  areas. 

I  - 


•  Distribiitibn  cables  cqhhect  rfiaih  feeder  cables  or 
branch  fosder  cables  to  distribution  terndnais  from 
whicfaL  connection  is  made  to  telephone  sets  by  means 
of  a  drop*  block,  or  station  wires. 

.  In  ad ditid li,  <^ bl<^  ^t bin  each  j>art  of  the  plkht  are 
typed  according  to  the  kind  of  construction  used  for 
their  uistall]|tion.  Thus  there  arc  five  main  types— 
uhdergrduhd,  buried,  aerial.  bl5ck«  and  building 

cabi».   *  .  y 

Und^groaiid  Cttle  Plant.  Uhdergrd 
those  plac^  in  axfixed  under jpround  cdnd  uit  system. 
Underground  ca^te  ts  less  susceptible  to  damage  than 
is  any  other  .type 'of  cable  plant.  It  has  the  advantage 
'  of  very  high^  flexibility  bctvkwn  <»bte  te  thcjamc 
conduit  rtin,  since  ail  splicing  is  don^  in  common  » 
manhoies.  Also,  oibles  which  are  ho  longer  required 
may  easily  be  remdvcd  with  a  high  degree  of  salvage 
possible,  and  the  duct  thus  releii^  may  be  reused 
without  any  c^t  for  rehabilitation. 

The  manholes  .awociftcd  with,  the  undergroimd 
oibies  offer  the  ultimate  in  physical  arrangement  of 
the  cables, for  splicing  puipdsw  (undCT^^^ 
conditions)  and  fy^  the  irstallation  and  maintenance 
of  Joad  coil  cases  or  pressurizod  system  apparatus. 

Underground  cable  is  used  md^^^ 
routea^  and  to  a  lesser  degree  in  branch  feeder  routes. 
The  uisc  of  uiide^ouhd  cable  and  conduit  is 
preferred  whra  jull^ie  cables  (cables  ajiprdxlmatcly 
2  inches  iii  diameter,  or  5  potmds  per  foot)  are 
required^  and  also  when  mdre  than  two  cables  are  to 
be  placed  on  a  pole  liiie  or  are  to  be  buried:  This  type 
of  plant  is  also  preferred  when  the  p<»sibility  of 

damage  to  acrisd  dr  buried  cable  plant  exists.  

On  a  plant  m^p,  under^otmd  cable  will  normally 
be  represented  by  solid  heavy  lines.  Rectangles  aldng 
the  lines  will  represent  manholes. 

Buried  Cable  PDmt.  Buried  cabjes  a^^ 
placed  underground,  but  not  in  an  under^dund 
^conduit.  They  may  b^  placed  in  trenchw  dug  for  that 
P^14scu_qf  plaasd  by  means  of  spedal  plows:  Whei^ 
biiried  cables  are  iaid*  In  trenches,  various  types  of 
physical  proicctidh  (l^idc  that  offered  by  the  . 
protective  covering  of  the  cable)  may  be  placed  to  1 
prevent    damage    from    other  uhdcrground 
construction.  Even  buried  cable  is  more  siwoeptiblc 
than  undergroimd  cat»le   to   both  physical  and 
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cicctncaf  damagc>)^B^^^^  rcquircnieht    is   large,   such  as  hospitals,  shops.- 

manholes  or  permanent. splicing  pits:  They  may  also      headquarters;  etc. 

be  splia^d  in  the  trench  or  plow  run  and  directly  Building  Cabl«j.  These  are  cabl^  extending  from 
covered  with  earth.  Bumd  cables  arc  rcjatively  the  cable  plant  outside  the  building  to  a  main  terminai 
mflcxiblc  between  cables.  Mowever,  they  do  have  the      or  frame  within  the  building  arid;  or  are  distribution 

branch  cables  rriay  be  sjjiiccd  lb  them      cables  run  inside  a  building, 
at  any  location.  :  The  djffcrcrice  between  block  and  building  cable  is 

iiiBurie^i  cables  may  be  used  as  maiii  feeder  and  also  evident  in  figure  4-1:  As  ydu  can  sec,  the  block 
brdhch  feeder  cables  where  q^rUy^^^  cable  serves  several  building  and  is  placed  on  the 

ultimately  be  required,  in^his  case,  permanent  outside;  the  buiJdirig  cable  serves  the  inside  of  one 
splicirig  jocatjqn^^  building.   Distribution  cables,  of  cburkc,  may  be 

used  where  conduit  coratrTCtion  mus^^  installed  with  any  one  or  any  combination  of  the  five 

cannot  be  completed  irt  time  for  use.  In  this  latter  in-      typ«  of  coristruction. 

J*'^?^^*^^  correct  spa cings  are 

installed,  and  the  buried  cables  arc  spliced  in  these      Exercises  (824); 
rhahhbSrs;  The  buried  cable  run  is  parallel  to  and  . 

sbghtjy  to  bnc  side  of  the  proposed  conduit  run  '       ^"^^  categones  of  cable  plants? 

between  ^e  manholes:  Buried  feeder  cables  placed  iri  \ 
^^1^4 :  hiaririer  may  be  continual  in  use  after  the 
underground^  type  of  plant  ij  com plcte^^  -> 

Buried  cables  find  their  greatest  use  in  long  runs  Qn  a  cable  plant  map,  how  are  underground  cables 

where  distnbutidh  is  extremely  limited,  such  as  the^         identified?  ^ 
remote   control   and    dpcr  at  ion   of  hbntelcphohe  ^ 
communication  equipment  or  trunk  cable  usage;  It 
also  finds  Use  in  distri^         plant  where  the  plant      ,   ^.  . 
.   must  be  placcd  underground  to  avoid  physical  Hazard      ^      "^^  are  the  djfTcrcnces  between  underground 
or  damage  or  for  better  app^rancc,  and  the  cost  of  '  ^""^^  cables? 

undci]ground  cables  arid  conduit  cannot  _  . 

The  accepted  standard  syf^mbol  for  showing  buried  ^  ^  ^ 

cafelc  oh  a  jjlarit  map  is  an  evenly  broken  line.  The       .  ^  _  \^_>^ 

rectangular  symbol  for  a  manhole  may  also  appear        *  -       ^bje  map,  how  do  you  distinguish  between 
with  this  typir  (ibie  installation.  ^^"^^        underground  cables?  ^ 

Aerial  Cable  Plant.  Aerial  caSie  plant  consists  of 
^^y^  ^i^PPortcxI  on  jjbles  by  a  suspcnsibh  strand. 
Aerial  cable  plant  is  more  susceptible  to  damage,  both 
physical  and  electrical,  than  is  either  underground  or 
^'^'^^^  PJA"^-.  cable  plant,  and 

associated  pole  lines  is  less  than  that  of  Uridcrp-ourid 
cables  arid  conduit,  but  greater  than  that  of  buried 
cable  plant  If  the  pole  line  is  ribt_alrcady  available. 

Acriai^  cable  pJant.is  used  mostly  where  the 
d ist ri b U U each  service  location  is  small  and  may 
be  accompflMled  by  means  of  drop  or  block  wiririg.  It 
may  also  find  use  on  bfanch  feeder  or  trunk  cables 
^^^J"^  ^^^^l^^^^oj^.  ^ranch<5s  ire  infrequent.  In 
general,  no  more  than  two  aerial  cables  arc  placed  bri 
a  single  pble  line.  Also,  cAblcs  larger  than  2  inches  in 
diameter  or  vs^cighing  more  thari  5  pburidspcr  foot  arc 
not  used  in  aerial  plant  unless  the  cost  of  underground 
■or  buried  cables  [s  prbhibitive. 

Aeriai  cables  are  commonly  shbwri  bri  a  plarii  map 
by  a  sblid  line.  Adjacent  to  the  solid  bne  are  circles  or 
round  dots  to  indicate  the  supporting  poles. 


.  ^'P^k  Cables.  These  cables  arc  essentially  ,  an 
extension  of.  underground,  Btiricd,  br  aerial  cables 
into  the  interior  of  a  block  of  building  where,  in  most 
^^^^5,  V*^^y  are  aitached  lb  the  rear  outside  walls  of  the 
buildings.  Such  installations  arc  usualjy  made  tb 
building    blocks    where    the    telephone  service 


825.  Using  figure  4-2  and  4-3  as  needed,  ideritify 
thme  designators  used  on  base  cable  maps  for  cables 
and  cable  teritiirulU. 

J^^?^    cable    map    depicts    the  following 
information: 

(1}  Lbcatibh  of  the  central  office; 

(2)  Boundary  limits  of  the  installation. 

(3)  Location  of  buried  cables. 
_  X4)  Lbcation  of  aerial' cables^  including  the  side  of 
street  on  which  they  are  installed.  ^ 

(5)  Underground  conduit  system  with  manholes 
Pl^^^iL:  J^'I*^  huriibcred  to  correspond  to  the 
underground  conduit  record.  Main  Uridcrgrbiirid 
cables  arc  not  shown  on  the  outside  plant  map  but  are 
shown  in  detail  on  the  un^dergroUrid  cable  diagram. 

(6)  Open  wire  leads,  if  they  are  an  extensive  enough 
-portiori  bf  the  communications  system. 

(7)  Aerial  and  buried  cables  which  are  not 
Government  owned  are  labeled  "TEtCO:" 

Ah  underground  cable  record,  using  standard 
syrnbbls,  shbws  all  the  underground  telephone  cable 
installed  in  a  particular  conduit  syst^em  scctibn  of  an  ■ 
Air  Force  installation.  This  record  may  consist  of  one 
or  more  sheets  to  schematically  indicate  the  entire 
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uhdergrbund   cable  system:   This   includes  vault, 
fnaiihdlcs,  scrviw  boxes,  and  boildings  conneqted 
^J?^^.'^^  An  underground 

cable  record  drawing  contains  the  foUowinjg  data: 
_  (11        "M^'^cr       arrangement  of  ducts  between 
manholes  with  cable  numbers  indicating  the-dUct  in 
which  each  cable  is  located. 

Manholes  and  marilfole  number i 

(3j  Size  of  cable  and  gage  of  wires  Jhcluding  stubs. 

(4)  The  pair  count  of  pairs  within  a  cable,  including  ' 
the  indication  of  dead  pairs. 

An  aerial,  4)ijried,  arid  block  cable  record  will  show 
onJy  the  infxirmation  related  to  these  three  types  of  ^ 
cable  plant.  This  diagram  indicates  all  such  cajbie  fines' 
on  a  street  jjlan  background  arid  shows: 

(1)  Number,  size,  gage,  and  pair  count  of  each 
cable  iricludirig  all  main,  branch,  distribution  cabJes; 
and  cable  stubs,  and  also  the  Ibcatidri  arid  pair  cotint 
of  all  main  cable  terminals." 

(?)  J-'°5?l^on_9ri^^        coil  cases,  including  the 
number  and  type  of  coils  with  the  pair  cdUril  of  the 
pairs  to  which  they  are  spliced. 
J  (3)  Curiiulativc  length  of  each  cable  measured  from 
^JP  ^^^^^  "^.^""M^.^y^^^  MDF  to  the 

center  of  each  terminal  splice  on  each  aerial,  buried, 
^*o<^*^vOrbuildirig  cable,  or  to  the  end  of  each  stub 

(4)  Location  of  pressure  testing  valves,  plugs, 
byjjasscs,  contactors,  and  contactor  terminals: 

More  important  than  knowing  the  physical 
cable  installatibri  is  the  ability  to 
identify  the  cabte  nombcrs  and  cable  pa[rs  for 
particular  lines.  Figure  4-2  shows  how  pabies  and  pair 
F^^P^"^^  ?rc  identified  on  maps.  Study  these 
symbols  and  the  explanations  thoroughly.  During 
f^^>lc  Plant  test  procedures  it  will  be  necessary  for  you 
to  determine  the  wire  sizes,  the  cross  connects  and 
length  of  the  line  to  the  test  point.  ' 

M^^^iJ'X^Schi  ari^d  cables  directly  connected 

lo  the. central  office  mainframe  arc  assigned  riumbcrs 
from  01  to  99.  All  such  cables  wJll,  therefore,  have  a 

Figure  4-3  illustrates 
the  five  basic  rules  of  the  ^able  numbcrllTig  system;^ 
(JJA  distribution  cable  (aerial,  buried, 
""^^""iKroandvbuiWmi^  ^H^cd  _^ircctly  to  a  main  or 
branch  feeder,  cable  is  numbered  the  same  as  the 
associated  feeder  cable. 

(2)  A  distribution  cable  cfqss-coririccted  to  a  main 
or  branch  feeder  cable  is  designated  with  the  suffix  01, 
^PPtoj^t^i^c  Jhe  niiirierical  sequence  of 
the  suffixes  is  dependent  upon  the  date  of  placement 
9f  j**c  djstributipn  cable.  Thus,  the  first  distribution 
cable  {connected  to  the  rnairi  cable  riuml^rjid  02 
thrpugh  a  cross-<:onnectiSg  terminal  is  nambered 
^?01.    The  cdyni»   in    the  efross-cbnnectcd 

distribution  caolr^ill  always  begin  with  pair  riumber 
1,  regardless  ctf  the  pmir  count  on  the  central  office 
side  of  , the  cros»<orinectirig  terriiirial. 

(3j  A  distribution  cable  connected  to  a  nriairi  or 
branch  feeder  ca^jle  through  a  straight-connecting 
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terminaJ  is  numbered  as  defined  in  rule  2.  but  its  pair 
count  will  be  the  same  as  the  pair  count  of  the  feeder 
cable.  t; 
__W__A  J^istnbutibh  cable  connected  to  a  main  or 
branch  feeder  cable  through  more  than  one  crdss- 
corihecting  terminal^ retains  the  number  of*  its 
assqciated_  feeder  cable  but  adds  a  two-digit  suffix  for 
each  cross  connection: 

(5)  Where  two  or  more  distribution  cables  are 
connecyed  to  a  main  or  branch  feeder  cable  through 
one  or  mort  cross-connecting  terminals,  the  cross- 
conriected  cables  are  numbered  the  same  as  the  feeder 
cable  with  suffixes  01,  02,  03,  ctc^,  as  necessary.  The 
numerical  sequence  of  the  suffixes  depends  upon  the 
drder  of  placcmerit  of  the  cables. 

Th^c  tesmi rial  numbering  system  for  acrikl  cabtes  is 
coordinated  with  the  pole  riumbcfirij  syst^cm^  each 
cable  terminal  will  bear  the_same  serial  numbers  its 
suppdrtinj  pole  with  a  prefix  T  added  (T-AT^). 

Each  direct-connected  terminal  on  or  wiihiri  a 
building  will  bear  the  number  of  that  building  and  a 
prefix  T.  lj"  a  crdss-cdririccti rig  terminal  is  involved  in 
the  building  cable  installation,  it  should  bear  the 
number  of  that  building  with  a  prefix  Tand  the  suffix 
i:  An  example  of  this  would  be  T-_I4'1.  The  buildirig 
cable  terminals  on  the  distribution  cable  beyond  the 
crpssH:onricct  terminal  should  carry  the  same  building 
number  with  the  suffixes  2,  3,  4,  etc.  (T-I4-2). 

Exercises  ([825): 

L  What  numbers  are  used  to  designate^  main,  branch, 
^^^^l^^b^cs  that  connect  to  a  central  office 
main  frame? 


2-  K9^_:  As   a    cross-connect    to    a   main  feeder 
designated? 


What  does  the  number  !-101  below  a  designated 
cable  represent? 


4.  How  is  a  terminal  on  a  building^represcnted? 


5:  How  arc  aerial  and  buried  cables  not  belonging  to 
the  Government  identified? 


4-2.  Telephone  Transmlislbh  Lines 

significant  facto    are  responsible  for  the 
loss  of  signal  strength  over  telephone  transmission 


SYMBOLS  AND  ABBREViATIQNS  FOR  TYPES  OF  CABLE 


Symbol 


Explanation 


6X  19 
26-22  - 
15M9- 


9-22 


5t-l9- 
*  101-22  " 

LOl-24 
26-22  SC 


P26-24P 


  72Qd'l^  Subm. 

^  129Pf-22 


26-19 
152  22 
202-24 


TA 


—  3  22  - 


2  22  — 


16 


M6 

^€  ^ 


1-26 
16 


1  16 

26^- 


1-26 


■o 


122 


Cable,  ail  types 

6-.pair.No.  19  gauge  cable  (If  lest  than  a  2t>-pAir  cable 
add  "x"  to  designation  of  size) 

26-pair  No^.ZZ  gauge  cable  (If  26  pairs  or  more,  and 
lesi  than  lOI  pjuri) 


iSi-pair,  ^6.  19  gauge  cable  (U  nonstandard  sixes 
larger  than  101  pairs) 

909-pair.  No.  22  gauge  cable  (If  101  pairs  or  multiples 
of  101  p»irs) 

Z$3-pairt  composite  lead  covered  cable,  consisting  of 
pairs  and  gauges  as  indicated 

26<pair,^No.  22  gauge  silk  and  cotton  insulated  cable 

26<pair,  N6~  24  gauge  plastic  sheathed,  plastic  insulated 
cable  (Preiix  indicates  sheath  material  if  other  than 
plain  lead;  suffix  indicates  insulation  material  if  other 
than  paper) 

273<pair,  composite  submarine  cable  with  quads,  pairs 
and  gauges  as  indicated 

380-pair,  composite  tape  armored  cable  with  pairs  and 
'gauges  as  indicated 

Dbubio  arrow  indicates  change  in  cable  line.    Change  in 
code  incQcatiis  type  of  change:    Size,  gauge,  change  fray 
underground  to  aerial,  change  in  count chah|e  of  type^^ 
of  cable,  or  any  combihatibh  of  theie  (Example  shows 
change  frotn  303  pairs.  No.   22  gauge  to  202  pairs.  No. 
22  .gauge)  * 

Existing  splice  (Shown  only  when  splice  would  not 
otherwise  be  apparent) 

Outside  distributing  terminal  -  unprotected  -  all  types 
(Upper  figure  indicates  capacity  of  terminal;  lower  fig- 
ure, pair  count  of  cable  circuits  terminated)- 

Outside  distributing  terminal  protected  by  carbon  blocks 

only 

Outside  distributing  terminal  protected  by  fuies  only 


Type  UC-I6  cable  terminal  for  uhdergr^Uhd  distribu- 
tion (Motis  smaller  circle) 


Outside  cross -connecting  cable  terminal  without  carbon 
blocks  or  fuses 


inside  distributing  cable  terminal  -  binding  post  cham^ 
_"  ■"?L5A'l'?o"^]ocks  (Horxxontal  line 

above  symbo^l  for  jhe  terminal  symbol  indicates  protector 
block  equipment  mounted  in,  or  part  of  s  terminal  - 
circle  indicates  fuse  type  of  protection) 

Outside  cross-connecting  cable  terminal  with  fuses  (Nu- 
merals indicate  pairs  in  cable) 

Inside  straight-connected  cable  terminal  with  fuses  - 
binding  post  chamber  type 


Figure  4-2.  Drawing  symbolii; 
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eo 


CA02 


CO 


CAOV 


BLK  02 


MAIN   U.G.  FEEDER 


ACRIAL  CA 


CAOIOS- 


BLDG.  CA 


® 


CA0201— 


_XA01_ 


C  A0 103 


-CAOl 


AERIAL      ^\  ATRIAL 


C AO 102 


BLDG:  20 


Figure  4-3.  Cable  numbering 
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lines.  Wc  will  try  to  identify  these  factors  in  this 
section: 

826:  Usifig  figures  4*4  ttirbugh  4-11  as  required,' 
dbtinguish  amonc  the  factors  that  cause  a  loss  of 
signal  strength  bii  telephone  transmission  lines. 

Line  Characteristics.  The  primary  purpose  of 
establishing^  telephone  lines  is  the  transmission  of 
voice  currciits  from  onc^  station  to  another.  This 
talking  circuit,  or  transmitting  circuit,  consists  of 
these  three  wschtial  factors: 

(ij  A  source  of  energy. 

(2)  A  medium  over  which  it  is  desired  to  transmit 
energy  to  a  receiving  device. 

(3j  the  receiving  device  itself  which  converts  the 
energy  into  the  form  desired. 


Applying  these  factors  to  a  telephone  talking  circuit 
^^^J^  station  to  station,  the  trEmsrnittcr  is  considered 
the  source  of  energy  (although  it  docs  not  actually 
generate  any  energy),  the  line  from  the  calling  station 
to  the  called  station  (conductors)  is  the  medium  over 
which  energy  is  transmitted;  and  the  receiver  at  the 
called  station  is  the  receiving  device.  The  voice 
currents  are  in  the  form  of  moving  waves,  ajld  they 
encounter  opposition  at  every  point  of  the  medium 
°^*r  ^Mch  tii'cy  travel  until  they  re|u:b  the  distant  end. 
This  opposition  tends  to  dissipate  the  energy  or  cause 
it  to  be  reduced.  Such  loss  of  energy  by  the  voice 
currents,  which  is  really  a  reduction  jh  thci^r  strength, 
is  catled  attenuation.  This  loss  or  reduction  in 
^tjjength  is  caused  by  capacitance,  inductance,  and 
resistance: 

The  loss  in  power,  as  described,  is  called  the 
l''^'^'PJ^^P^^^  ^  measured  with  the  aid  of 

a  transmission  measuring  set.  This  loss  is  really  the 
ratio  or  relation  between  the  inputand  the  output,  or  a 
comparison  of  volume  of  iripiit  at  the  transmitter  with 
the  volume  of  the  output  at  the  rccdver;at  the  dis;i«nt 
JJle  unit  of  trahsmission  loss  is decibel, 
abj^rcviatcd  dB^  TJic  majority  of  talkin|  circuits 
should  have  a  decibel  loss  of  le^s  than  30  in  order  to 
P*'9y^^^^atisfactdry^t^^  Long  trunk  and  toU 

cables  use  various  types  of  boosters,  repeaters,  and 
loading  coils  to  overcome  transmission  loss. 

When  a  generator  is  cdnnectcd  directly  to  a  power 
consuming  load,  the  load  may  be  represented  as  a 
*^?^PJ?_^^tdr.  The  rcas^^  for  this  is  that  the 
resistance  of  the  load  is  capable  of  dissipating jhc 
power.  The  power  consumed  in  the  resistor  is  equal  to 
po^^**  ^"Ppji^^  j'  A^un^e  that  the 

same  power-consuming  device  is  connected  to  the 
i^f^erator  by  means  of  a  long  trahsmissioh  line.  It  is 
now  found  that  the  .power  consumed  by  the  load  is 
less  than  the  power  supplied  by  the  generator. 

Thus,  the  transmission  line  has  characteristics  that 
cause  power  dissipation  (loss)  between  the  transmitter 
and  the  load:  This  power  dissipation  docs  hot  take 
place  at  any  one  point  but  occurs  equaiiy  along  the 


entire  lierigth  of  the  line.  The  electrical  characteristics 
°r^*^f  ^^^"^J^AV^_^^_the  pb  loss  arc  distributed 
uniformly  over  the  entire  length  of  the  line.  For  this 
reason,  they  arc  called  the  flfo/n^wrec/ cowfamj  of  the 
line:  If  the  power  djssipatibri  took  p  at  distinct 
points  on  the  line  because  these  characteristics  were 
?Pi^?^ntratcd,  as  a  coil  concentrates  inductance  or  a 
capacitor  concentrates  capacitance,  they  wdu[d  be 
called  lumped  constants.  There  arc  four  distributed 
^°i^stants:  scriw  rcsistahcc,  scries  inductance,  shunt 
capacitance,  and  shunt  cqnductan(»  (more  cdmnvonly 
knov,fh  as  ieafcagej:  all  arc  mca^siiircd  per  unit  length  of 
transmission  line. 

Series    resistance.    The   total    rraistancc    of  a 
transmission  line  is  found  by  multiplying  its  series 
resistance,  per  unit  length,  by  the  total  1^ 
line.  Thus,  if  the  scries  resistance  of  a  line  is  10  ohms 
P?''  and  the  Icn       is  100  miles,  its  total 

resistance  is  1,000  ohms:  The  distributed  resistance  of 
a  transmission  liric  depends  upon  the  size  (gage)  of ihc 
^""^^^d^  tjic  frCqtiency  of  the  traveling  wave.  The 
resistance  increases  as  the  diameter  df  the  wire 
decreases.  It  is  given  the  symbol  "r"  and  is  expressed 
in  ohms  per  Iddp  mije.  A  lpd£  mile  is  the  total  length 
of  both  lines  between  two  points  i  mile  apart:  Thus,  a 
lo^P.^^ile  of  line  is  2  miles  long,  and  the  res  bt  a  nee  in 
ohms  per  loop  mile  is  twice  the  rcsistancf  of  brie 
conductor  per  mile.  One  half  of  resistance  per  loop 
_"^ay  be  repre^  ah  equivalent  circuit, 

shown  in  A;  figure  4-4;  where  half  of  it  is  corisidcrcd 
Jumped  in  scries  with  each  wire;  or  the  total  may 
be  reprwented  in  B,  as  concentrated  in  one  conductor 
only. 

^f''^'^A_^^^^^^^^  is  that  property 

of  a  circuit  which  causes  a  countcr-vditage  td  be 
induced  in  the  circuit  by  a  change  in  the  current  in  the 
a  jrahs^^^  line  through  which  a 

changing  current  is  flowing,  a  voltage  is  induced  along 
the  line.  This  indicates  that  scries  inductance,  is 
distributed  over  thc_ entire  length' of -the  line.  The 
magnitude  of  this  series  inductance  is  determined  by 
the  sjze  of  the  wires  and  their  separation.  It  increases 
as  the  center-to-ccntcr  distance  l^t ween  the  wire 
increases  and  as  the  diameter  of  the  wires  decreases. 
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^_T^^  dUyributcd  inductance  is  given  the  symbol  "i" 
and  is  cxprescd  in  henrys  per  loop  mile.  The  tbtai 
inductance  per  loop  mile  may  be  represented  also  in 
-        l^^y*^*        j^alf^r^^  inductance  in 

one  of  the  two  condBctors,  shown  in  A,  figure  4-5,  or 
it  may  be  considered  as  concentrated  in  one 
conductor,  as  in  B.  The  s«ri«_mductaix:e  of  a 
transmission  line  causes  an  opposition  to  the 
#|tcniatihg  voice  currents  in  the  form  of  inductive 
reactance,  inductive  reactance,  Xu  is  a  function  of 
frequency  and  is  expressed  by  the  formula  Xl  =  lirth. 
X^^^^T!^'.  _  Ircqucricy  iricr cases ,  t he  i nd  uct i vc 
reactance  or  opposing  effect  also  increases. 

Shunt  capacitance.  A  capacitor  consists  of  two 
cojidiictors  separated  by  a  noncoSducting^ 
substance,  such  as  air  or  some  other  diclecti^ic.  The 
capacitance  is  large  whenihe  area  of  the  concfcuctors  is 
large,  as  in  t*  i^sc  two  fiat  plates,  and  the 
capacitance  inci  Jases  when  the  distance  between  the 
plates  is  made  s  rialler.  In  a  capacitor,  the  separation 
°f  H^A  P'^tcs  del  feratcly  is  made  a  small  fraction  of 
an  inch.  A  trai  smission  line  also  consists^  of  two 
metallic  conducfors  separated  by  a  dielectri^:  As  a 
"■^^PJ^'  I^/Ll'^^^jcapacilarice^  is  distributed  over  the 
entire  length  of  the  line:  However,  the  area  of  the 
surface  of  a  Icrfcth  of  transmission  line  is  much  less 
than  the  arKi  of  a  cdrivcmibnaj^capad  plate  and 
the  distance  between  the  lines  is  much  greater  than  the 
separation  bc^^  plates  of  a  capacitor,  so  that 

the  distributed  capacitance^  of  a  transmission  line  is 
much  less  than  the  lumped  capacitance  of  a  capacitor: 
J^^P^^M^9D.  liAc»_  the  distri  butcd  capacitance 
appears  between  the  adjacent  wires  and  is  called  the 
^^PPJ  capacitance.  The  shunt  capacitance  per  unit 
J^^tcnni^^  the  wires,  the 

distance  between,  the  wires  and  the  nature  of  the 
dielectric  material  between  them.  The  capacitance 
increases  as  the  dianictcr  of  the  wires  increases,  as 
their  center-to-center  separation  decreases,  and  as  the 
dielectric    constant    increases.    The  distributed 


cajiacitarice  is  given  the  symbol  "c,''  is  expressed  in 
^A^JPAP^^.  !°°P  arid  is  represented  bv  a  capacitor 
shunted  across  the  two  cdridUctdrs,  illustrated  in 
figure  4-6.  The  important  thing  to  keep  in  mind  is  that 
distributed  capacitance  causes  capacitive 
reactance  to  develop  across  or  in  shurit  with  the 
transmission  line.  This  causes  a  shunting  of  voice- 
frequency  cuiterits  aero  the  line,  and  the  result  of 
this  ^  is  that  less  voice-frequency  cricrj|y  reaches  the 
receiving  end.  Since  capacitive  rcactince  decreases  as 

the  frequency  increases  (Xc  =      ~  )t  the  shunting 

2  rrib. 

effect  and  loss  becomes  greater  as  thc^  frequency 
increases. 

Shunt  conductance.  Because  the  dielectric  between 
two  wires  of  a  tran^  line  is  not  a  perfect 

insulator,  a  leakage  current  exists  between  the  two. 
The  dielectric  separates  the  wires  of  the  transmission 
1^"^  °^'^!' Its  entire^  so  that  leakage  exists  at 

every  point  along  the  line:  In  an  open-wire  line  the 
dielectric  between  the  conductors  is  air.  Although  dry 
^i''  'S  ^n  2tirnost^  j^^^  outdoor  air*  is 

seldom  dry,  and  its  conductivity  increases  greatly  in 
weather.  In  cables  the  diclc^ric  consists  of  the 
insulation  around  individual  cbridUctbrs.  The  best  of 
irisulatore-  conduct  extremely  small  amounts  of 
^u^^'lt^  Althoiigh  cable  leakage  is  unaffected  by 
dampness  of  the  outdoor  air  (which  is  excluded  by  the 
bUter  and  inner  covering  of  the  cable)^  it  does  vary 
somwhat  with  tcmj^raturc.  Sin^^^  the  IcaKage  takes 
.place  through  a  conducting  path  between  the  wires, 
tbis  corresponding  line  characteristic  may  be  called ' 
shunt  conductance  or  leakage^  It  is  given  the  symbol 
"g,^  is' expressed  in  ohms  per  loop  mile,  and  is 
**P^'!^l^^"ted  a^  resistance  between  the  two  wires,  as 
shown  in  figure  4-7.  Note  that  line  leakage  acts  as  a 
shtiht  to  the  flow  of  voicCTfrequency  currents  in  the 
t  rarism  i  ss  ion  _li  nc ,  a  rid  as  a  resu  It ,  c ii  rren  t  sh  un  ted 
across  the  line  cannot  reach  the  receiving  terminal. 
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TRANSMISSION  LINE 


Figure  4-7.  Dvth bitted  shunt  conductance. 


Equiv^dtnt  network.  A  unit  length  of  transmission 
line  or  line  section,  1  loop  mile  of  line,  may  be 
rcSre^ntjM  fo 

composdB  of  all  foor  distribtited  ironstants  of  the 
actual  Ifie,  as  s^n  in  figure  4^8.  Three  alternative 
represeptations  of  the  actual  line  s^ion  are  shown. 
The  e^valent  tec  section  in  C  ia  formed  by  placing 
the  series  constants  (resistance  and  ihduaaiKe)  in  one 
line,  half  on  each  side  of  the  shunt  constants 
(capacitafic^  and  conductance).  Ybu  must  remember 
that^  ill  figiirc  4-8,  the  jumped^  cj^ements  r,  U 
c,  and  g  arc  merely  convenient  representations  of 
properties  that  are  actually  distributed  oyer  the  whole 
length  of  the  scctjon.  Their  values  are  such  th^t  they 
would  have  substahtialiy  the  same  effect  on  a 
transmitted  signal,  and  P'l  Ji'iy  circ  to 
the  line  section,  as  the  actual  distributed  constants  of 
the  section.  A  trstpsitiission  line  more  than  one  section 
long  may  be  made  J)y  connecting  two  or  more  unit  line 
sections,  as  seen  in  figure  4-9.  The  electrical  behavior 
of  the  line  then  may  be  studied  by  analysing  the 
behavior  of  the  equivalent  network.  ^ 


Characteristic  irnpedonce.  The  djstributcd 
coiBtants  of  a  transmission  line,  determine  its 
operating  characteristics,  which,  in  turn,  affect  the 
sig^aj^  being  trammitted  over  the  Uik;.  The  most 

*  important  of  its  operating,  characteristics  is  the 
characteristic  impcdahce,  Zq.  The  chj^a^tcfistic 
ifflpedance  of  a  transmission  line  is  a  property  of  the 
line  itsdf,  dependent  only  on  its  distributed  constants. 
It  is  entirely  indifpch^^^  <*f  Al*  li??* 

internal  impedance  of  the  j^ner^or  supplying  the 
line,  or  the  load  placed  acrc»s  the  terminals  of  the 

/Inrcj-. 

Power  transfer.  The  primary  purpose  of  a 
trahsi^tissiph  line  is  to  transfer  a  maximum  amount  of 
power  to  the  receiver  at  the  receiving  end  of  the  line. 
The  maximum  power  iranslcr  occure  when  the  input 
itnp<Kiaiice  of  t^^^  the  internal  resistance 

of  the  generator  are  equal  to  the  characteristic 
impedanpc  of  the  trahsmissibh  line.  For  this  reason, 
the  ^^Itie  pf  characteristic  impedan<^  of  a 
transnraaaion  line  a  important.  _ 

Consider  the  circuit  illustrated  in  A,  fi^rc  1-10; 
this  shows  a  generator  delivering  power  to  a  60Q^hm 
load.  Let  the  internal  resistant  of  the  getwrator  be 
6(K)  ohms  and  let  iti  voltage  be  120  volts.  Calculations 
will  show  that  the  tptal  otaput  generator , 

is  12  watts,  and  that  the  power  delivered  to  the  600- 
bhm  load  (receiver)  is  6  watts.  In  B,  the  load  resistor  is 
changed  to  300  ohttis,  causing  the  output  power  of  the 
transmitter  to  change  to  liLO  watts,  and  the  power  to 
thiTload  is  changed  to  5.33  watt^^^^ 

The  valus  of  the  power  delivered  to  the  load 
resistor  calculated  in  the  paragraph  above, 
supplemented  by^  others  to  make  a  smooth  curve,  are 
plotted  in  the  graph  of  figure  4-10.  The  graph  shows 
the  maximum  power  is  trjuisferrcd  from  vthe 
transmitter  to  the  receiver  when  the  internal 
impedan(x  of  the  transmitter  and  the  impedance  of 
the  load  are  equal.  This  conclusion  is  related  to  the 
characteristic  impedance  of  a  transmission  line  as 
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Figure  4-10.  Generator  operating  into  variable  load. 


follows;  to  the  transmitter  supplying  power  to  a 
trahsrnissiqh  lihev  the  line  is  the  load;  consequently, 
the  generator  wii[  deliver  maximoxn  power  when  its 
internal  impedance  is  equal  to  the  input  impedance  of 
the  line. 

At  the  receiving  end,  the  line  acts  as  the  generator 
delivering  power  to  the  load.  The  internal  impedance 
of  the  line  is  its  characteristic  impedance.  Therefore,  it 
will  deliver  maxi mam  power  to  the  load  when  the 
load   imj>edah«^^^i^^   equal    to   the  characteristic 
impedance  of  the  line.  Thus,  a  600-ohm  line  should  be 
terminated  by  a  _(SK)-ohm  load  and  supplied  from  a 
6Ck)«ohin  transmitter.  The  maximum  power  tranfer 
takes  place  at  both  ends  of  the  line,  and  therefore, 
from  Ihe  actual  generator  to  the  actual  load.  Under 
this  ctmdiikm^jhejenerator  and  the  load  are  said  to 
be  matched  to  the  line. 

/^//efiua/jofi.  Attenuation  of  a  wave  is  the  decrease 
in  amplitude  which  accompanies  its  propagatjon  or 
passage    through    equipment    lines.    Degree  of 
ll'L^nUaJion  U  comm  in  decibels  or  dB 

per  loop  mile  of  transmission  line.  Someof  the  reasons 
for  attenuation  are  the  different  line  characteristics  we 
have  beeji  talking  about,  such  as  xnes  resistar^, 
\  shunt  capacitance,  series  inductance^  and  impedait^e 
mismatching.  llies<^c  of  the  line  cause  power 

loss  of  the  signal,  which  means  that  the  sjgnal  is  not  as 
strong  as  the  receiving  end  as  it  was  at  the  originating 
source.  _     _  __  __ 

Loading.  A  loading  coil  in  wire  communications  is 
used,  to  add  inductance  to  a  transmission  line  for  the 
purpose  of  decreasing  power  losses  and  providing 


rwponsc  oyer  a  given  frcque^^^  Loading 
coils  are  inserted  ^t  equal  distances  along  a 
trahsrhissibh  line.  The  adding  oif  loading  coils 
''^^M*^'  .^^^L  ^".^iiuation  and  frequency  distortion. 
There  are  two  types  of  loading  that  have  been  used — 
(1)  lumped  and  (2)  cphtihuous  loading.  Lumped 
loading  is  used  in  the  military  and  wUl  b^discus^d  in 
greater  detail  shortly.  Continaous  loading  is  when  a 
i!^Mctlai  is  wrapp^  ar^  trie  outside  of  the  cable  to 
£pve  the  line  dstributed  constants.  An  example  would 
be  in  submarine  cable,  where  the  cable  is  under  water 
^^^J^^  *^iff^^_0LlpM>"8  coils  wbu^  hot  be  able  to  be 
distribjuted  correctly. 
_  Tp fetter  understand  the  princ^ 
applied  to  telephone  cable  circuit 
mechanical  analogy.  As  shown  in  : 
9[i>S^i  sti(injg,  say  about  10  feet  Ibh^,  is  fastened  to  a 
hook  in  a  wall,  it  am  be  compared  to  a  cable  pair.  By 
a  snapping  movement  of  the  hand,  waves  of  motion 
arc  generated  in  the  string.  They  tend  to  die  but 
rapidly  before  traveling  to  the  end  of  the  string.  If  a 
heavier  string  were  used,  the  waves  would  be 
propagated  a  little  longer  distarKe  along  the  string 
before  dying  out.  The  heavier  string  may  be 
considered  analbgbus  to  a  larger  gage  wire  which  has 
a  lower  resistance. 

Let  us  tie  a  small  lead  weight,  like  that  used  dh  a 
plumbline,  to  the  center  of  the  string.  The  waves 
created  in  the  string  by  the  snapping  movement  of  the 
hand  will  again  decrease  rapidly.  In  fact,  the  waves 
will  cease  when  they  reach  the  weight.  This  illustrates 


pies  of  loading  as 
let  us  cbiisidcr  a 
Igure4-I  I,  a  piece 
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SenES  OF  EQUALLY  SPACED  WEIGHTS 

(SMALL  HOOOEN  BEADS)  ^^^^ 

Figorc  4-11.  Mechanica]  analogy  of  loaded  cable. 


What  jwo  factors  affect  the  amount  of  inductive 
reactance  in  a  transmission  line  for  a  signal  of  a 
given  frequency? 


What  cause  of  line  toss  would  increase  if  moisture 
got  into  a  cable? 


4.  What  two  causes  of  line  loss  would  be  increased  by 
using  cable  with  a  smaller  wire  diameter? 


that  a  large  amount  of  loading  cannot  be  added  to  a 
circuit  at  one  point.  Now,  let  us  take  about  20  small 
wocMicn  beads  or  similar  J ight  weights^a 
equally  along  the  entire  distance  of  the  string  and  tie 
them.  When  the  string  is  now  shappedn^e  resultant 
wave  motion  will  travel  the  entire  distance  of  the 
string  to  the.  wall  hook  with  only  a  slight  decrease 
amplitude.  This  analogy  shows  that  proper  loading 
reduces  the  attenuation  and  distortion  in  a  cable 
circuit. 

The  combi n at i oh  of  t he  d  i st ri b utcd  capac itancc  arid 
the  lumped  inductance  of  the  loading  coils  causes  a 
loaded  cable  circuit  to  act  like  a  bandpass  filter.  This 
cfltct  giyatly  increases  the  attenuation  of  the  cable 
when  the^ cutoff  frequency  is  exceeded.  This  cutoff 
frequency  is  dctcnhiricd  by  thCy  capacitance  of  the 
^blc  and  the  inductan^  of  tKe  loading  coils:  By 
installing  proper  loading  coils  and  spacing  them  at. 
certain  prescrife  cutoff  freqiiuericy^ 

be  increased  beyond  the  upper  end  of  the  frequency 
band  to  be  tratismitted. 

There  is  a  pf act  ical  ^ mit  to  t he  n um  bcf_of  f dad  i ng 
coils  that  can  be  inserted  into  a  cable  circuit.  Each 
loadings  coil  increases  the  ^ries  resistance  of  the  cable 
conductors:  This  added  resistance  would  soon 
overcome  the  beneficial  effects  of  loading  coils  that 
can  be  inserted  into  a  cable  circti^^   

Note  that  the  conductor  resistance  increases  and 
the  cutoff  frequency  decreases  as  the  inductance  value 
of  t he  1  o ad irig  cqi[  is  raised In  addit ion,  when  t he 
loading  coil  spacing  is  cut  in  half,  the  frequency  range 
of  the  cable  circuit  is  extended  by  about  40  percent  or 
more.  Loading,  furthermore,  reducins;  the  propagation 
velocity  in  cables.  The  added  inductance  due  to 
loading  dimirii^hi^  the  sj>eed  of  travel  of  the  voice  apd 
carrier  currents  in  a  loaded  cable. 

ExWdics  (826): 

1.  What  Hne  factors  will  caiise  a  greater  attenuation 
of  a  high-frequency  signal  than  of  a  midband 
signal? 


EKLC 


5.  When  does  maximum  power  transfer  to  the  far  end 
of  a  cable  occur? 


6.  Why  are 
transmissFi 


ading  coils  connected  to  telephone 
lines? 


4-3.  Factors  Affecting  Line  Quality 

Many  properties H^Ta-telephone  line  affect  how  well 
thc^ignal  received  atlRc^ far  end  resembles  the  iriput 
signal.  Here  we  will  limit  ourcdverage  to  those  factors 
the  inside  plant  man  can  measure  or  correct.  These 
are  ribise  arid  distbttibri. 


827.  Provide  life  ^specific  ciiiics  no^Ms  aiid  point 
out  selected  ways  of  reducing  n<me  o^dlfTo-erit  kinds 
of  telephone  transmission  lih^.  ^ 


Types  of  Noise.. Skr^hat  you  have  studied  the 
different  types  off  cables  arid  cable  plants  and 
tfari^i&ion  line  principles,  let^s  discuss  the  types  and 
sources  of  noise  that  aCJ^t  transmission  on  a  cable,  be 
it  terephoric,  Jclrtj^j^,  aiidio^  5f^  'P^*^^^^^- 

Electrical  noise  can  be  generally  defined  as  any 
undesirable  electrical  energy  which  is  prcsent  in  a 
circiiit  of  system.  This  tamdcsirabfc  energy  can.be 
cither  Al€  or  D6  or  a  combination  of  both  in  any 
forni.  Many  varieties  of  ribise  exist,  but  all  can  be 
classed  according 'to  the  several  general  categories 
taken  up  next.  _ 

White  noise.  Noise  if*Jcncfatcd  in  the  Qow  of 
electricity  through  a  conductor  as  electrons  collide 
with  some  of  the  mojcculcs  pf  the  cbridiictirig 
material.  Any  increases  in  temperature  cause 
corresponding  increases  in  t^r  amount  of  noise.  The 
various  types  of  ribi»e  based  bri  thcnrial  agitatid 
radiation  are  sometimes  called  (ij  resistance  noise,  (2) 
thcnmal  noise,  (3j  Johnson  noise,  or  (4)  white  ribise. 
Such  "white  noise"  is  normally  more  prevalent  on 
radio-derived    circuits    than   on  exclusively  wire 
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circijils.  The  rclativciy  cvcp  distribution  of  white  noise 
frcque^^  that  it  is  hot  usually  a  serious 

source  of  interference  to  data  tfansmissiori,  unless  it 
causes  the  signal-tonoise  ratio  to  fall  to  an 
Uiiacixptablc  level. 

Hum.  **Hum''  can  be  defined  as  any  low^frcqucricy, 
recurring,  nontrahsicnt,  electrical  disturbance  la  a 
com m  Un i^do ns  system  w hie h  is  hot '  ass bci ated  wi t h 
adtual  si^ial  txfi^rg^.  Normally,  hum  ha?  a  direct 
relatiohship  to  equipment  power  supply  ripple  or 
inductive/ capadtivc  coupling  to  AC  pbweriincs. 
Where  telephone  cables  are  near  high  voltage  AC 
Ppw^r  distributibh  systems,  harmonic  energy  may  be 
coupled  into  the  telephone  cable  pairs. 

Impulse  noise.  **Impul«c  noise"  is  the  result  of 
disteretc  dusturbano^  abrupt  changes  of  short 

duration.  Thoe  disturbance  arc^  often  of  relatively 
hijti^jmpiitude  and  of  short  dui^tion;  they  may  or 
??*ly  J^ot  fc^J8?^9^^  tiata  signals  can  stahd 

relatively  high  steady  State  noise,  because  of  their 
short  symbol  intervals,  they  arc  greatly  impaired  by 
i mpu^  rioi^.  It  ma^y  lead  to  errors  a hd  pbssi  biy 
disruption  of  communication;  for  example,  by 
interferehce  with  timihg  signals  or  by  degradation  of 
the  signal  to  noise  ratio.  Impulse  ribisc  in  Gbvernmeht 
owned  circuits  is  very  often  caused  by  high  level, 
switched  data  circuits  bh  adjaccht  pairs  or  channels, 
In  addition,  a  siginficant  proportion  of  the  total 
impulse  Qoise  cbm^  from  the  make  and  break 
contacts  in  electrical  or  communicatibns  switching 
and  signaling  equipment  much  of  jvhich  can  be 
^^"iMl^tcd  by  careful  maihtcnahcc.  From  this  last 
statement,  you  can  see  just  how  important  youc 
cvcl'yday  maintenance  really  is.  With,  the  addition  of 
data  transmiMib^^^  the  different  types  of 

interface  equipment   being  installed,   our  job  is 
becbming  more  and  more  impiortant. 

CrossJatk^  '^Crosstalk*'  is  the  interferehce  which 
results  when  two  or  more  telephone  talking  circuits 
exist  side  by  side,  and  the  cohvcrsatibn  on  oncvcircuit 
may  be  heard  on  the  oihcr.  bbyidusly,^his  is 
objectionable.  It  not  only  may  reduce  int^mgfibility, 
^RL>^J?ay  Acstrby  secret  Being  tclcphohc  men,  you 
have  probably  had  many  different  experiences  with 
crosstalk  and  realize  that  there  are  many  different 
causes  of  it.  Here  we  are  going  to  discUss  phly  a  few 
main^  cajises  of  crosstalk. 

CUiteht  in  bhc  line  may  be  transferred  to  another 
line  if  the  insulation  between  lines  is  faulty  or  if  * 
brahchcs  of  trees  or  brush  come  in  contact  with  the 
wires.  Tliis  is^  a  prdbldm  bf  pr^  and 
crosstalk  from,this  cause  can  be  eliminated  by  keeping 
the  lihes  ih  good  mechanical  condition. 

One  of  the  basic  printript^  bf  dcctricity  is  that  a 
magnetic  field  exists. around  a  wire^  through  which 
cUiteht  is  flowihg.  The  magnetic  field  consists  of 
concentric  circular  lines  of  force  at  right  angles  to  t^he 
wire  in  space.  The  strength  of  the  magnetic  field  varies 
'J^^^''*^^y„^>^]^.^^^?  .^J^  the  wire;  that  is,  the 

greater  the  distance,  the  weaker  the  magnetic  field. 


•  \ 

The  magnetic  field  has  the  same  waveform  as  the 
curreht  that  produces  it.  If  the  curreht  is  constant  in 
magnitude  and  direction,  the  magnetic  field  is 
constant  in  strength  and  direct ibh.  If  the  current  is 
ai ternatih g,  as  it  is  in  t he  case  bf  voice  freq ucncics,  the 
magnetic  field: varies  instantaneously  in  magnitude 
changes  direction  every  half  cycle.  If  such  a 
varying  magnetic  field  cuts  an  adjacent  conductdr,  it 
ihduccs  an  alternating  EMF  in  the  conductor_in 
2[ccbrdancc  with  the  generator  prihciple.  The 
ma^itude  of  this  EMF  varies  inversely  with  ^hc 
distahcc  between  the  anter  of  the  raagnctk:  field  and 
'  the  conductor.  The  cbnductbr  is  said  tb  be  ihductively 
coupled  to  the  original  wire  which  produces  the 
maghctic  field. 

'*Capacitivc  coupling^  [s  an  assbciatibn^f  twb  br 
more  circuits  with  one  another  ,  by  means  of 
^^H^citahce  muttial  to  the  circuits.  It  is  also  called 
electrostatic  coupling.  Capacitivc  cbUplj rig  produces 
an  unbalanced  EMF  in  a  circuit  because  of  the 
?I^P^cities  between  the  wires  of  an  adjacfcnt  circuit  atid 
ground  and  the  associated  electric  fields.  When  there 
is  a  conversation  on  each  circuity  the  current  flowing 
aplifies  the  other  cbriVersatioh  Jhat  was  allbwed  to 
pass  over  because  of  the  action  of  the  capacitance 
coUplihg.  " 

Ojher  noise.  Other  types  of  Jft>i«  iri  telephone 
cables  are: 

•_(J )  ^  J^  r'^y^lt  bf  _<»paciiiyc 

or  inductive  unbalance  to  ground  existing  between  the 
two  conductors  of  the  circuit  pair  There  Is  always 
some  noise  to  ground,  cyeri  in  a  balarn^d  j)air  if 
one  conductor  has  a  higher  noise  level  or  potential  to 
ground  than  the  other,  the  differential  ybhagc  a^pKars 
as  circuit  noise  between  the  two  conductorsy^"*'^ 

(2)  Metallic  noise— this  may  be  produced  by  a 
yaficty  of  sources,  iricludirig  gajyahic  ( battery)  actibh 
caused  by  a  combination  of  moisture  and  mineral 
salts  in  damp  cable  and  poor  splice  continuity. 

(3)  Longitudinal  noisc--this  is  induced  albrig  a 
cable  conductor.  If  an  UnbalancecLconditLon  exists  in 
I  <^^1AJP?>'',  4  "J^^rby^  induction  field  will  produce  a 
differential  voltage  between  the  two  unbalanced 
conductors. 

Reduction  of  Nobe.  As  we  haveiilready  indicated^ 
ribisc  cari  result  ih  a  cable  pair  froth  a  variety  bf 
sources.  Anj^  electronic  noise  of  whatever  type, 
appearing  on  "a  circuit  in  competition  with  a  signal, 
r'^PI?^*^_"^^_^^g'[2^^  of  that  sijjnal.  It  is,  therefore, 
of  prime  importance  to  avoid  the  occurrence  of  noisd^ 
as  far  as  possible.  There  arc  a  number  of  preventive 
actions  which  will  aid  you  in  meeting  this  objective. 

Selective  assighmeht  of  pairs.  TeJe phone  cable 
tr  an  sm  i  ssi  o  n  s  ys  t  c  ms  a  re  a  1  w  iy  s  s  U  bj  cct  _t  b  hb  i  sc 
injection  from  outside  sources  as  well  as  high-level 
sources  from  within  the  cable  itself  (adjacent  pairs). 
The  fact  that  cable  is  shielded  docs  riot  prcvtrit  ribisy 
low-level  circuits  in  the  cabLe.  Nonshielded  cross 
cbnriections  of  considerable  length  exist  in  every 


telephone  central  office;  and  cross  connected  pairs 
r?:9lD_  Various  cables  lie  in  a  cbrhrhori  bundle  on  the 
frames:  This  proximity  both  of  high-  and  lbw-[cycl 
circuits  in  a  high-icvcl  noise  environment  (the  central 
'^J^yp^)  '^^^^^^  by  •  switching  equijjmeht,  etc., 
introduces  white  and  impulse  noise  to  low-leVcl 
circuits,  often  to  an  unacceptable  decree.  Within  the 
|^b*J^jL_  .  Pj^ysical  placcme rit  (pair  numerical 
^assignment)  of  various  types  of  circuits  is  a  very 
common  cause  of  an  unacceptable  high  noise  level. 
Selective  assjgnmcnt  of  cable  jaairs  according  to  use 
can  be  instrumental  in  reducing  both  white  and 
impulse  noise  levels  in  critical  circuits.  For  instaha, 
tho  assignment  of  regular  telephone  pairs,  high-level 
audio  and  teletype  circuits  and  low-level  digital 
circuitsjri  an  exchange  cable  is  usually  dependent  on 
random  choice;  modified,  by  some  routing 
requirements.  However,  it  is  often  possible  to  place  all 
^J?^"''^^^*  ?^JSP_"^c_n^ jri  j)airs  .physically  adjacent  to 
the  cable  sheath;  then,  with  the  regular  telephone 
circuits  assigned  to  the  next  higher  numbered  bundle, 
the  low-level  critical  circuits  may  be  placed  in  the 
center  ofejirc  cable  As  a  result,  the  telephone  pairs  act 
as  a  partial  shield  separating  the  high  and  low  level 
assigrmients.  This  type  of  selective  reassignment  has 
actually  reduced  the  general  noise  Jevel  in  critical  low 
level  circuits  by  as  much  as  20  dB  in  some  cables. 

Shielded  cross  connecis^  The  use  of  shielded  pair- 
cross  cohncctiohs  (jumpers)  is  effective  in  noise 
reduction.  They  can  be  used  on  both  high-  and  low- 
level  circuits,  and  should  be  used  at  least  on  low-level 
circuits  where  the  total  cross  connection  length 
exceeds  3  feet:  / 

Grounding.  Proper,  pounding  at  appropriate 
.  points  is  important  in  achieving  a  low  noise  level  in 
V  cable  circuits.  In  iinbalanced  drcUits,  grou^nd  loops 
may  result  when  the  circuit  is  grounded  at  both  ends 
and  the  grbuhdf  turn  out  to  be  uriequkl  potentials. 
This  situation  causes  the  circuit  to  be  very  susceptible 
to  ihtcrfcrcncc.  The  objective  of  grounding  is  to 
provide  a  piath  to  carth_qf  as  low  a  resistance  as 
possible,  jt  is,  therefore,  imperative  to  provide  a  well- 
bonded,  low  impedance  ground  plane.  Where  there 
are  two  separate  grounds  in  a  building,  the  choice  of 
which  to  use  in  a  particular  case  can  be  difficult:  in 
1?  ne  r  a  1,  ground  effectiveness  tests  should  be 
performed  on  both  grounds,  and  the  lower  resistance 
ground  sh(^ld  be  used.  However,  this  is  not  infallible 
and.  if  lower  overall  system  *  noise  and  signal 
distortion  c^n  be  achieved,  the  poorer  ground  should 
be  used.  s 

Cap^ctjy  fefl/flrtc?.  Cables,  since  they  often  contarn 
Hundreds  of  pairs  of  wires,  are  particularly  susceptible 
crosstalk  caused  by  capacitive  cbuphhg  between 
adjacent  pairs:  An  important  reason  for  this  is  the  fact 
that  the  various  wires  exhibit  different  capacities  to 
ground,  making  the  systern  unbalanced  to  grbuhd. 
One  method  of  overcoming  this  is  to  equalize  the 
capacities  by  transf)osing  the  various  wires  in  the 
^cable  at  points  where  one  length  of  cable  is  spliced  to 
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an  adjacent  length  of  cable.  Another  method  consists 
of  equalizing  the  capacities  by  adding  capacity  to 
those  pairs  of  wires  that  show  less  capacity  to  ground 
than  do  other  pairs.  This  capacity  is  added  :  by 
ppn^cctmg  the  one  end  of  a  short  length  of 

twisted  pair  to  the  cable  pair  and  leaving  the  wires  on 
thc  othcr  end  of  the  short  length  unconnected. 

FUters.  Battery  chargers  and  similar  apparatus  used 
to  maintain  batteries  in^cqrnmbri  battery  systems  are 
often  the  cause  of  hum,  because  the  output  voltage 
frorh  these  devices  contains  large  amounts  of  encrg>- 
at  random  frequencies^  Filtering  tte  outpifl^yoltagc  by 
means  of  low^pass  filters  which  consist  of  .series  choke 
coUs  and  shunt  electrolytic  condensers  of  fairly  large 
capacity,  removes  the  higher  frequencies  that  lie  in  the 
voicc-freiquency  range  and,  therefore,  prevents  noise 
interfere*^  froin  this  source. 

Pressuriziaion.  The  conductors  in  the  telephone 
outside  cable  plant  arc  protected  from  moisture 
damage  by  a  normally  waterproof  covering.  Sheath 
damage  does  occur  due  to  a  number  of  causes  and 
presence  of  water  can  result,  leading  to  signal  losses 
and  the  introduction  of  noise.  Internal  pressuriz^ti on 
of  cable  by  compressed  air  is  a  technique  used  to 
protect  the  cable  plant  from  damage  di^  to  breaks  in 
the  cable  sheath:  Any  sudden  dcviatjon  from  the 
normal  amount  of  air  required  to  maintain  that 
P  r'^s  Urc ,  or  a  ny  sudden  drop  i  h  rne  as  ure  d  p  res  sure  in 
one  particular  area  will  indicate  a  sheath  rupture 
which  might  normally  go  uridctcctcd.  In  addition,  loss 
of  ajr  under  pressure  tKrdUgh  small  breaks  in  the  ■ 
cable  sheath  will  tend  to_  prevent  the  entry  of  any  ^ 

Mai  rite  nan  of  cable  pressure  and  early 
attention  to  any  loss  of  pressure  will  pay  substantial 
dividends  in  cable  pcrfornflahc^c  and  avoidance  of 
noise.  I'm  siifc  all  ^df  you  iarc  farniliar  with  the  PMI  of 
the  cable  pressurize r.  If  the  preventive  measures  are 
"ipt  completely  successful  and  a  circuit  is  still  subject  * 
to  excGsive  noise,  a  thorough  analysis  of  cir|:uit 
conditions  must  be  made,  and  due  consideration 
given  to  the  recorded  mcasurfcments. 

Exercises  (827): 

1.  What  type  of  noise  r«>i;lts  if  harmonic  energy  is 
coupled  into  a  cable? 


2.  Make  and  break  contacts  in  eiectricai  or 
communications  switching  equipment  can  cause 
what  type  of;^noise? 


3.  What  type  of  noise  results  from  electrostatic 
coupling  of  two  circuits? 


^'  K  voltage    appears    between  two 

conductors,  what  type  of  noise  results? 

  •     ■  \  . 

5..  What  type  of  line  noise  can  be  overcome  by  using 
capacitive  balance?  '  ' 


6:  What  tyjsc  of  noise  is  reduped  by  selective  pair 
assignment?  / 


^'  '^^"  "oj^c  coupled  into  shiddcd  cable  within^ 

the  central  office  be  reduced? 


.  / 

828.  Usihc  ficura  4-12  through  4-14  as  necessary, 
difrcrenliite  imiq^  jyp^  of  distortion  thiit  occur 
on  leiephone  transmnsion  tina,  identifying  each  type 
in  the  situation  given. 

Desired  Traramission  Characterisdci.  As  a  wave 
travels  a^Dng  a  transmit  its  amplitude  is 

attenuated  and  its  phase  is  shifted  For  the  wave  to  be 
transmitted  without  distortion,  it  is  necessary  that 
each  component  wave  be  attenuated  in  the  same 
proportion,  and  that  the  phases  of  the  component 
^^^^  ^  shifted  by  am qu  prdpqoiohil  to 

their  frequencies,  no -matter  what  the' frequency 
cbmpoherits  ^may:  ^bc;  Figure  4-12  iiliistrales  . 
undistoned  iranstnission^  of  a  complete  wavr.  The 
solid,  line  represents  the  input  and  output  waves:  This 
^^y^P^cx  wave  can  be  considered  as  made  up  of  a  500-- 
cycle  sine  wave  with  an  amplitude  of  10  volts  (dotted 
line)  and  a  1,500-cycie  sine  wave  with  an  ampiitade  of 
B,  on  Hgi^c  4^12,  rcp^  the  same  wave 

after  it  has  passed  through  a  trammission  line  that  has 
an  attenuation  ratio  assumed  to  be  2  to  I.  As  a  result, 
the  500-cyclc  wav^  (dotted  line)  now  has  an  amplitude 
of  5  volts  as  compared  with  the  iO  volts  it  had  at 
^'lansrnissibh.  The  1. 500-cyclc  wave  (dbt-andHjash 
line)  is  aucnuated  from  8  volts  to  4  volts,  which  is  a 
ratio  of  2  to  I.  The  arhpHtude  of  the  output  wave 
^^^M  ^^**)  hi^  aturiuatcd:  but  note  that  its 

shape  remains  the  same:  that  is,  the  wave  is 
^'l*^l*^ortexi.  The  reason  for  this  is  that  both  sine 
waves  were  attenuated  the  same  amount. 

Note  also  that  the  5i]0-cycle_wavc,  in  B.  has  had  its 
.P*^¥^ >J^^ft^*^_  ^O''  -  ThcJ,500H:ycle  wave  must  have 
its  phase  shifted  by  96''  in  order  that  the  phase  shifts 
havC  the  same  proportions  as  the  frequencies.  The 
phase  of  the  output  wave  (solid  line)  necessarily  has 
been  shifted  also,  bat  the  shape  of  the  wave  remains 
l^c  same  as  in  A:  it  has  not  been  distorted  by  the 
phase  shifts: 

i 
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Frequency  Distortion;  On  actaal  transmission 
lines,  not  al|  waves  arc  attenuated  the  same  amount; 
the  attenuation  increases  as  the  frcqticncj'  of  the 
transmitted  wave  increases;  this  resdts  from  the 
effects  of  capacitance  *  leakage?  inductance,  •  knd 
r«Btance  of  the  line.  The  effect  of  the  variation  in 
attenuation  foi;  different  frequencies  is  shown  in 
^^^^"^_^J^:  Jbc  input  wave,  in  A,  is  the  sanae  as  that 
shown  in  figure  4-12:  Aftej;  moving^  along  the  line 
some  specific  distance  (as  seen  in  B.  fig-  4-13)  the  Sddr 
cycle  compor*m  (dotted  line)  has  ah  aim  pi  it  ude  of  5 
volts  or  an  attenuation  of  2:1:  However,  the  i,5()0- 
cycle  ccrlTipbheilt  (dpt-andnjash  line)  now  has  ah 
amplitude  of  only  2 /volts,_  an  attcniiation  of  4:1,' 
hccaasc  of  the  poor  frequency  rcsponscj  of  the  line. 
Thus,  the  output  wave  has  been  attehiiatcd  muc  in 
the  Undistorted  case.  Note,  however,  that  the  shape  of 
the  transmitted  wave  has  been  changed,  or  distorted, 
diic  to  differing  rclativj:  attention  of  the  high- 
frequency  and  iow-frcquency  coi;nponents  of  the  input 
wave. 

Phase  Distortion.  This  type  of  distortion  is  %oi  too 
harmful  for  voice  transmission,  since  the  5ar  is 
relatively  insensitive  to  phase  delay;  hbwevc^,  it 
constitutes  the  most  serious  impairment  to  ^data 
IrA^l^missibn,  particularly  oyer  telephone  voice 
channels:  The  main  sources  of  phase  distortion  are 
loaded  cabl«  and  carrier,  channel  filters.  It  is  also 
caused  by  t^hc  unavoidable  capac in vc  and  inductive 
reactances  present  in  most  communications  channels 
ah'd  by  echoes  from  imperfect  line  terminations  or 
impedance  mismatches  beiweiifn  line  sections  or 
between  the  line  and  office  apparatus. 


B.  OUTPUT  WAVE 

H  •  . I aSA 


Figure  4  12   [>5irttblc  transmission  contlitionn 
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Figure  4-13.  Frequency  distortion. 


The  effect  of  the  variation  of  thc^  phase^shift  is 
illustrated  in  figure  4-14.  Again,  the  input  wave  shown 
in  A  IS:  identical  with  that  seen  in  figure  4-12,A.  In 
(}gUTc^^^3^*^^t  ^60^yc\c  Component  (dotted  line) 
has  been  delayed  (phase  shifted)  45°  For  the  output 
signal  to  be  uhdistorted,  ihe  high-frcqucnc^^ 
component  must  be  delayed  135°;  thus^  maintaining 
Ihc  same  phase  relation  between  the  500-cycle  and 
1,500-cycle  cbmj>Gnente^  However,  on  an  actual  line 
the  1.500-cyclc  component  is  not  delayed  as_much  in 
proportioh  a$  the  5D0H:yc|c  cpmppherii.  Figure  4^ 
I4,B,  shows  lli  effect  of  only  90°  delay  for  the  1,500- 
cycie  component  Notice  that  the  shape  of  the  output 
wave  is  changed  as  a  result  of  pihase  disibrtion  c^^^ 
by  the  line.  Phase  distortion  and  frequency  distortion 
occur  together,  because  tjic  sam^  physical  constants 
of  the  line  (series  resistances  strips  inductance,  and 
shunt  capacitance)  that  produce  one  also  cause  the* 
other,   _  _    _      L  _ 

Unbalance.  In  transmission  systems,  balance  (or 
unbalance)  at  the  in^ut  and  output  of  the  audip, 
circuit  is  important.  The  balance  to  ground,  iji  the 
case  of  input  circuits,  determines  the  amount  by 
which  currents  fed  into  the  system  from  external 
circuits  are  suj>pressed.  With  output  circuits,  it 
determines  the  degree  to  which  currents  arc  generated 
apd'  jjasscd  bn.  Do  not  confuse  the  words 
"mismatched"  arid  '*Uribalariccd."  An  unbalanced  line 
may  very  well  be  matched  in  the  sense  that  it  is 
termmated  correctly  in  its  characteristic  impedance. 

Circuit  unbalance  is  related  to  lines,  voltage 
sources,  and  loads.  An  unbalanced  transmission  line, 
load,  or  source  is  one  where  one  conductor  or 
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Figure  4-14.  Phase  distortion. 
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SOURCE,     MEDIUM         1.0  AD 


A.  BALANCED^ORCE  AND  LINE  FEEDING 
dNBALANCEO  COAD 

B.  AMMETER  CONNECTED  TO  UNBALANCED 
CIRCUIT 

Figure  4-16:  Baianced  source  and  lint  feeding 
an  unbalanced  load. 


terimhal  is  at  ground  potential,  while  the  other  Is  ^t 
^^'"^  ^**9y*^  PL  **^P^8roUnd.  In  p^her  words, 
the  voltages  measured  from  the  two  conductors  or 
tefmi rials  are  hot  equal. 

Figure  4- 1 5,  shows  a  balan^d  sbUrcc  and  line 
feeding  a  danced  load,  with  the  center  tap  of  both 
^^jDurce  and  the  load  cbhncctcd  to  ground.  By 
removing  the  grounds  from  both  the  squnSs  and  the 
load  and  connecting^  aa  ammeter  in  the  circuity  as 
^^P^P  ^"  ?*1^.B»_  you  have  s  an  equivalent 

circuit.  There  is  no  potential  difference  between  the 
load  and  the  sbiiro^  where  the  ammeter  is  connected 
into  the  circist.  In  this  example,  the  amrtietcr  would 
indicate  no  current   flow  through  the  reference 


ground^  if  tj[as  is  the  case;  then  aii  the  power  i% 
delivered  to  Jme  load  (maximum  transfer). 

F i^rc  4- 1 6,  A ,  _sh pws  a  ba lance d  s  b tircc  and  1  i  nc 
feeding  an  unbalanced  toad,  with  the  center  tap  of 
both  the  sburce  and  the  load  connected  to  ground. 
Again^  by  removing  the  pounds  from  both  the  source 
and  the  load  and  cbhnccting  an  ammeter  into  the 
circiiit,  as  shown  in  figure  4^16,8,  ybu  have  ah. 
equtvaient  circuit.  You  c^n  sec  that  there  is  now  a 
{Potential  difference  between  the  load  and  the  source 
where  the  ammeter  is  connected.  Current  is  shown 
flowing  through  the  ammeter  becatse,  in  this 
unbalanced  circuit,  you  would  have  current  flowing  to 
your  rtrfCTcncc  j^-oun^  This  ^buhd  is  a  resistance, 
aii^ome  voltage  will  be  dropped  across  it.  As  a 
result,  less  power  will  be  delivered  to  the  load.  If 
correct  levels  caiinot  be  established  at  a  system 
interf^,  unbalance  could  be  a  possible  cause. 

Exwc^^^28): 

ly4f  the  output  signal  from  a  tfarismissiqri  line 
y  resembles  the  input  signal  in  every  way  except  its 
amplitude,  what  type  of  distortion  has  occurred? 

-  _% 

2.  A  tine  which  attenuates  a  t,50b-Hz  signal  more ' 
than  a  500  Hz  produces,  what  type  of  distortion? 


3.  ifi^mplex  wave  is  applied  to  a  telephone  line 
wWclT^lays  Its  2,500-Hz  component  30°  and 
delays  its  fOCF-Hz  component  6°,-  wha^  type  of 
distortion  is  present  in  the  output  signal? 


4.  What  type(s)  of  distortion  will  result  if  the 
insulation  resistance  of  the  dielectric  of  the  line 
decreases? 


5  How?  is  the  power  delivered  to  the  far  end  affected 
by  an  unbalanced  circuit? 
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CHAPTER  5 


Base  Wife  System  Testing 


A  DETERrORATlON  in  the  transmission 
char  actenst  ics  of  a  ca  Uc  wi  1 1  s  h  qw  i  tsclf  ci  thcr  as 
degradation  or  disruption  of  some  or  all  of  the 
communicatiph  circuits  being  transmitted  through 
Oise  of  the  rtiqst  important  methods  of 
insuring  that  any  deterioration  is  identified— and 
cbrrccted— before  it  bcginK^  to  interfere  with  the 
service  being  provided  to  the  customer  is  the  regular 
accomplishemnt  of  basic  performance  tests 
thrpughbut  the  cable  j)lam.  This  chapter  cbvcfs  these 
performance  tests,  test  equipment  required,  procedure 
for  making  the  tests,  and  analyzing  the  result. 
4 

5-1.  Performance  test  Equipment 

Tl«_p«fonnance  factors  that  may  be  checked  to 
determine  Sblc  plant  coiKfltlon  are  loop  and 
l>^Jj^?tJbn  resistance*  ri  fr^q^uicncy  response »  and 
ground  resistance:  In  ' this  section  we  discuss  the 
performance  tests  arid  cquif)mcnt  required  for  each. 


829.  losing  figures  54^  thrjough  5-5  as  necessary, 
isbliite  th^e  t«ts  used  to  check  pcifbrmance  of  the 
base  wire  system  and  the  equtpmem  used  for  each. 


ans^pmulatidfi  ReBistance  Tst.  The  purpose 
of  this  test  is  to  measure  the  DC  resistance  and 
ins ul at i on  resistance,  pf  scjcctcd  _ca_blc  pairs . . 

Tie  test  equipment  required  for  the  I>C  loop 
nnistana^  test  is  the  AN7PSM-6A_miiltimctc^^ 
shbuld  be  familiar  with  this  piece  of  equipment  from 
coverage  in:the  tech  school. 

An  AN/PSM-2A  is  used  to  perform  the  insulation 
n»ittaiu:e  test.  The^t^qnsis^  priiKipally  of  a 
handcranked  A€  generator;  a  terminal  board 
assembly  containing  rectifier,  resistors,  capacitor^ 
neon  glow  lam ps »  and  a  meter. 

Th«e  major  component  parts  are  housed  i a  a  die- 
case  aluminum  alloy  case»  shown  m  fifUr^^^ 
outside  of  the  case  is  a  crank,  two  indicator  buttot^, 
two  binding  posts,  the  meter  face,  and  a  meter 
adjustment  ^rew  cbvcf .  Turning  the  crank  in  cither 
direction  until  the  Indicator  buttons  glow  steadily 
RED»  generates  500-vblts  DG  testing  vbltage  which  is^ 
available  at  the  binding  posts.  When  testing 
insulation,   the  meter   pointer   will   indicate  the 


raisjaricc  itv  megohms,  hence  the  term  "megger"  is 
often  used  for  this  test^t.  _ 

Impulse  Noise  Test*  Thjs  test  ineasurei  the  amou 
of  impulse  noise  prescm_onJilC-j:abie  pair  being 
tested;  Impulse  noised  the  result  of  discjcte 
disturbances  bf  relatively  hjgh  amplit^^^^^ 
duration.  Since  it  does  not  occur  at  regular  intcri'alS 
the  cable,  must  be  mbnitpred  over  a  period  of  t[mc, 
using  the  Noise  Test  Set,  Model  480A-1,  seen  in 
figure  5-2. 

This  t«t  set  operate  bn  either  100  yoltS  /^^ 
battery  power/ in  either  the  Monitor  or  Record  mode. 
In  Record  an  adjustable  timer  allows  unattended 
accumulatibn  of  readings  for  tip  Jb  an  hour.  Noise 
pulses  up  to  lb  per  second  are  counted  on  3  levels  and 
indicated  by  digital  counters..   

Notice,  in  figure  5-'2,  that  4  toggle  svwtchcs  allow 
the  reference  level  for  measurements  to  be  set  in  steps 
of  10  dfirh.  An  1 1 -position  switch  bejp  w  ea^ch  d  igital 
cbUntcf  is  used  to  set  the  sensitivity  of  that  counter  in 
'tdB  stefs:  the  total  sensitivity  lor  a  counter  is  the 
sum  of  the  reference  level  {10  dB  toggle  attenuator) 
and  the  sensitivity  of  the  2  dB  step  attenuator  of  that 
counter.  _ 

When  each  channel  scnsitiyhy  is  properly  set,  aU 
imptilses  that  ^ve  an  amplitude  equal  to  or  greater 
than  to  but  Im  thaa  MID  will  be  recorded  bri  the 
LO  channel  cbtintef.  All  impulses  that  have  an 
amplitude  equal  to  or  mater  than  MID  but  less  than 
HI  will  be  recordcKl  oiithe  MID  channel  cbunta-.  y^^^^ 
im|)ulses  that  have  an  amplitude  equal  to  or  greater 
than  HI  will  be  recorded  on  the  HI  channe)  countei . 

Exmnpie:  ' 


Switchfs) 

REF  LEVEL 
LO  LEVEL 
Mjb  LEVEL 
Hi  LEVEL  ' 
LO  has  a  count  of: 
MJD  has  a  doOht  of: 
HI  has  a  cbiiht  bf: 


305 
102 
24 


Setting 

50  dBrn 
0  dBrn 
10  dBrn 
20  dBrn 


This  indicates  that  305  impulses  had  an  amplitude 
^  that  equaled  or  exc^ded  50  dBrn  but  were  less  than 
60  dBnl;  102  impulses  had  an  amplitude  that  equaled 
or  exceeded  60  dBrn  but  less  than  70  dBrn;  and  24 


ERIC 


75 


S3i 


Figure  5-1.  AN/ PS M -2 A>  Megger. 


impoises  hsd  an  amplitude  that  equaled  to  or 
exceedcMj^  70  dBrn. 

We  should  mention  that  "dBrn"  stands  for 
^decibels  abovc_  reference  noi  noise 
start5Jt  >9d  dSm;  that  is  G  dBrn  is  at  -90  dBm^Thus 
50  dBrn  is  equivalent  to  40  dBrn  and  90  dBrn  is 
equivalent  to  0  dBrn. 


Idle  Chahhcl  Noise  T<^t,  Jhe  purpose  of  this  test  is 
to  measure  the  amount  of  electrical  noise  pres^ni  on 
the  specimen  cable  pair..  Idle  channel  noise  is  the 
lower  steady  noise  on  the  line  excluding  impulse 
noise. 

The  test  measurement  is  done  by  using  Model 
3555B  Transmisiion  and  Noise  Measuring  Set,  shown 
in  figure  5-3.  This  set  providw  a  choice  of  900  or  600 
ohim  imlM^  or  terminated  for  voice 

frequencies  and  600,  135,  or  75  ohm  impedance 
bridging  or  terminated  for  carrier  fr^uehcies.  A  hold 
function j^nuts  seizing  tjvi  liiK  while  jtieasurem 
are  being  made  at  voice  and  program  frequencies.  The 
set  is  port  abl  e  and  can  o  perat  e  f  r  om  e  it  her  i  ts  internal 
^'^^l^fy*  or  lib  volts  AJC,  lit  noise 
meaaitrement  range  is  +J0  dBrnjto  +i21  dBrn  with 
weighting^ fUters  3  kHz  Hat,  15  kHz  flat,  C  mesisage, 
and  profnun. 

Frequency  Response  test.  The  purpose  of  this  test 
is  to  measure  attenuation  versus  frequency  for  the 
selected  pairs  over  a  frequency,  range  of  200  Hz  to  5 
kHz. 

Equipment  heeded  to  accomplish  this  test  is  the 
Transmission  and  Noise  Measuring  Set,  Model 
HP3555B,  and  a  Teiephone  Test  Oscillator,  Model 
?A6A.-  The  test  oscillator  is  used  to  send  signals  at 
selected  frequencies  over  a  cable  pair  to  the 
trahsmissibh  test  set  at  the  far  end  which  measures  the 
received  sigtml  strength.  The  Transmission  and  Noise 
Measuring  Set Jhas  been  covered  previously,  so  we  will 
hbX  discuss  it  further  here.  _  _ 
:__T^c  teat  MciUatpr,  seen  in  figure  5-4,  generates  a 
stable  sine  wave  output  at  fraquencies^from  50  Hz  to 
5j60  kHz  with  an  output  Amplitude  of &\0  dBrn  to  --31 
dBrn.  _(TT4e_frcqucnc^^  pf  butjiut  is  ^^^^^  by 
the  position  of  the  frequency  dial,  multiplied  by  the 
setting  of  /^^^  Range  switch.)  The  output  is  available 
from  the  from  panel  with  standard  binding  posts  and 
telephone  jacks.  The  oscillator  is  portable  and  may  be 


Figure  5-*2.  Npisc  Test  Set. 
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operated  from  either  1 10  volts  AG  fi  intcrnai  battery 
P"°^^^r\J^r<^.y*sA9*^  for  talking  and  dialing 

with  hook  switch  control:  ' 


2.  Which  test  is  used  to  measure  the  amount.  )of 
electrical  noise  present  on  the  selected  cable  pair? 


_  Stit ibii  G rbiihd  Reiiitince  Test-  This  _tc s t_is  to 
measure  the  resistance  of  station  and  distant  terminal 
grounds.  It  is  made  by  using  the  Vibrogrouhd  Earth 
Resistance  Test  Set,  which  figure  5-5  ^hows.  ^^Th 
ground  resistance  measurement  made  with  this  tester 
are  direct  readings  and  require  ho  calculations.  It  is 
housed  in  a_welded  steel  case  with  a  airrying  hajidle 
antf  removable  cover.  Its  synchronous  vibrator  power 
^ii^>p}y  operates  on  self-contained  batteries. 

Exo-clse  (829): 


1.  What  test  ecjuipmem  is  used  to  perform  the 
insulation  resistance  test? 


3.  The  Vibrogroiiml:  test  set  is  used  for  which  test? 


4.  Which  test  is  jpBe  tising  the  Model  480 A  Noise 
Test  Set?   "■■    i'  " 


5.  What  test  is  used  to  measure  signal  attenuation 
versus  frequency  over  a  range  of  200  Hz  to  5  kHz? 


6.  The  AN/PSM-6A  is  used  for  which  test? 


(a)  conn 


ECTIONS 


B  )  GALVANOMETER. 


C  )  BALANCING  POTENTIOMETER- 


© 


RANGE  SELECTOR 


^OPERATING  LEVER  SWITCH 


VIIROGIDUND  it^AD 


] 


Figure  5-5.  Vibroground  Earth  Resistance  Test  Set. 
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7.  What  test  equipment  is  required  to  perform  the 
frequency  response  test?  \^ 

5-2.  Making  ahd  Raeording  Parformanca  Teats 


Usins  ftaurcs  5-6  through  5-10  is  if  quired,  ^vc 
thejnformstroh  thst  must  be  taken  from  AFTO 
Fonns  224  and  376  arid  the  cable  map  to  initiate 
AFTO  Forms  484,  485,  and  494. 


NOTE:  AFTO  Forms  484,  485,  and  494,  referred 
to  throughout  BOF  830  and  the  fema[nder  of  this 
chaptef,  are  obsolete  and  no  Jongcr  in  official 
use.  But  specialists  iji  this  field  must  know  not 
only  the  information  found  on  these  forms  but 
also  exhibit  the  ability  to  complete  such  iorms 
accurately.  So  although  they  are  hot  official, 

AFTO  Forms  484, 485,  and  494  are  included  hcf c 
for  practice  in  the  use  of  appropriiue  forms.  New, 
sAniil^Jojnis  arc  in  the  process  of  being  prepared 
and  are  to  be  substituted  for  these  as  soon  as  they 
become  officially  available. 


Exercises  (830):  \ 

1 .  Where  would  you  look  to  find  the  length  of  a  cable 
pair? 


2.  If  yoii  checked  4  cablc  pairsL  how  jnany  AFTO 
Forms  484  would  you  fill  out?  ^ 


 1...    

What  tests  are  recorded  on^AFTO  Form  485, 
Audio  Test  Record? 


What  information  is^  obtained  from  AFTO  Form 
224  for  initiating  AFTO  Forms  484, 485,  and  494? 


When  do  you  fill  out  both  sets  of  gauge  and  length 
(Kft)  blocks  on  AFTO  Form  484? 


_AFTP  Form  484.  Figure  5-6  illustrates  this_form, 
which  is  used  to  record  the  result  of  the  DC  loop 
resistance^d  insulation  resistance  test.  One  (on^^ 
^4Jj^^J^^^'^^}^^  Data  for  the  heading 

blocks  is  ioxAd  as  follows:  Base  is  where  test  is  being 
conducted.  Qablc  No.  and  Pair  No.  are  taken  from 
either  AFTq  Form  224,  seen  iii  figure  5-7,  or  AFTO 
Form  376,  saown  in  figure  5-8.  From  (Building  No.)  is 
whereyou  aie  while  making  the  test,  and  To  (Building 
No.)  is  wfc^  of  the  cabfe  under  test 

tenhinateff  Data  for  the  third  hiding  line  is^obtained 
tnaiM  vyhich  ybu  studied  in 
Chapter  4._The  second  blocks  for^^auge  and  Kft  arc 
used  if  different  gauge  cable  is  spliced  into  tHe  ran 
being  testcid.  The  rest  of  the  cntrira  a^e  ^ladc  during 
the  DC  loop  and  insulation  resistance  tests. 

-  AFTO  Form  485.  figure  5-9  shows  how^this  form 
is  used  to  record  the  result  of  frequency  response,  idle 
^^^1  J*n^  impuisc!  _noj|c  tests.  One  form  is 
used  for  each  cable  pair  tested.  The  heading 
infortnation  for  this  form  is  obtained  from  tie  same 
sources  as  that  of  AFTO  Fom  484.^^^^^ 
entries  are  made  during  the  frequency  response,  idle 
channel  noise,  and  impulse  noise  tests. 

AFTO  Form  494,  This  form,  shown  in  figure  5-10, 
l^sjiscd  rTObrding  the  results  of  the  station  ^ouhd 
resistance  test.  Base  and  Cable  No:  arc  taken  from 
AFTO  Form  224,  and  the  Building  "From^^hd  "To** 
entries  are  as  previously  ^^ribed  for  A  FTO  Form 
484.  The  remaining  information  is  obtained  during 
the  station  ground  resistance  test. 


831.  Using  flgires  5-11  thrqufh  5-16  as  heeded^ 
provide  the  reqidrcd  selected  steps  in  the  procedures 
for  setting  up  and  making  cable  pcrfbrma^c  tests. 

Loop  Md  IiisiHat[^^^  Test.  DC  loop 

resistance  is  measured  by  connecting  an 
AN/PSMH5A  across  a  cable  pair.  The  pair  should  be 
^''^^  J^9*  9°""^  §^  anS^  J?her  teilniiuiL 
Connect  the  tcs^ equipment  as  figure  5-11  shows.  Set 
AN/PSM^A  to  read  resistance,  record  the 
readings  taken  for  the  cable  pairs  on  the  AFTO  Form 
484. 

Insulation  rwistaricc  checked  by  using  a 
PSM-2A  (megger).  Certain  safety  fetors  should  be 
observed  before  operating  the  megger.  Thus: 

•  W hen  _ chccki ng  insulation  resistance  with  a 
"  megger,  the  conductors  become  charged  and  must 

aflterwardsl^  discharged  to  prevent  possibieshock  to 
you.  Discharge  the  conductors  under  test  as  soon  as 
the  test  on  a  pair  is  completed. 

•  Tl^^  arc  riKulting  at  the  time  of  discharge  is 
sufficient  to  ignite  explosive  mixtures  of  gas. 

•  pischarge  the  conductors  at  the  megger 
terminals  by  means  of  a  short  piece  of  i^nsulat^ 

•  Disconnect  ail  lines  _under  test  from  any 
equipment.    ^ 

•  Make  sure  the  megger  is  in  a  level  position. 

•  Keep  the  test  set  as  far  as  possible  from  strong 
magnetic  fields  stich  as  those  produced  by 
transformers  or  motors.  v 

Once  ail  the  precautions  have  been  checked  and 
observed,  proceed  with  the  following: 

636 


CABLE_PLARt  _ 
LOOP  &  INSOLATION  RESISTANCE 
TEST  RECORD 


BASE 


CABLE  NO.        IpaiR  no  |i='ROM   (BkigNo,)\^^    (Bldfi  f*o 


□  _  tOADED 


□  NONLOADED 


GAUGE 


if) 


GAUGE 


LFNGTH  (Kit) 


TEST 
DATE 


WOOP 
RES1ST_ANCE 


CALCULATED 


INSULATION  RESISTANCE 


OBJECTIVE 


T+P  TO  GND  n\ H<i^O  OH  O 


TESTED  BY 
(Initials) 


TESTS  CERTIFIED  BY 


AF16  484 

JUL  73 


Figure  5-6.  AFTO  Form  484. 
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Figure  5-7.  AFTO  Form  224. 


DATi  iM  imcr 


AiiTwdamr  poi  tmrULAnott 


1 


AFTO  .STJIi  376 


MPijkcnr  *rr%  r«M  ttt.  mtm  at.  am 
AT*  fmm  w.       at.  vnicii  whjl  i 


QRCUrr  LAYOUT  RECORD/TROUBLE  REPORT 


Figure  5-1 


8. 


AFTQ  Form  376. 
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CABLE  PLAHT 
AUDIO  TEST  RECORD 

BASE  : 

FROM  (Bid|/V<j/i) 

CABLE  NO. 

PAIR  NO. 

TO  fBidj/VoO 

Q  LOAD CD              n W^WLDADgP 

GAUGE 

LENGTH-fJCiO 

GAUGE 

LENGTH  (Kit) 

FREO 

(Mm) 


1000 


IT 

^  w>  ^ 


ABSOLUTE  loss:  (dB) 


DATt        DATE      DATE       DATE       DATE      DATE        DATE      DATE       DATE       DATE       DATE  DATE 


IDLE  CHNL  NOISE 


Uj  START 

Q  ■ 
Z 


TESTED  BY 


CERTIFIED  BY 
fSt0%»turt) 


AFTO  485 

JUL  71 


r 


Figure  5^  A'FTO  Forcn  485.  ' 
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H 
0 


STATION  GROUND  RESISTANCE  RECORD 


FROM  8UDG  HO. 


CABLE  NO. 


TO  BLDG  HO 


DATE 


1^ 


LOCATION 


WEATHER  CONDITION 


_SOiL__ 
MCI  STORE 


ISOLATEO 


YES  NO 


THREE 
TERMINAL 
TEST 


REFERENCE 


WATIR  PIPE 


OTHER  fJ^Ci/yJ 


BLDC  NO. 


MCiciry 


BLDO  NO. 


FACILITY 


BLDG  NO. 


FACILITY 


Ohms 


Ohms 


Ohms 


Ohms 


Ohms 


BLOG  NO 


FACILITY 


Ohms 


Ohms 


b^ms 


BLOG  NO. 


FACILITY 


r 


Ohms 


Ohftis 


BLOG  NO. 


FACILITY 


-Ohms 


:Ohms 


OtUils 


eLOG.N0. 


fAClLl 


-Oh^ 


-Ohms 


BLDG  NO. 


FACILITY 


Ohms 


Ohins 


TESTS  CERTIFIED 


DATE 


TYPE  PRINT  NAME  &  GRADE 


SIGNATURE 


DATE 


TYPE  PRINT  NAME  A  GRADE 


SIGNATURE 


hifiurc  S  10.  AFTf)  Form  494. 


DJSTA NT  FRAME 
OR  TERMINAL 


AN/PSM  6A 
DC  TEST  BOARD 


TIP 


RING 


CABCt  PAIR 


SHORT 


Figure  5-H.  Setup  for  DC  loop  resistance  test. 


a.  Check  as  follows  to  make  sure  that  there  is  ho 
leakage  between  the  test  leads  of  the  megger: 

( 1 )  Connect  two  leads  to  the  LINE  and  GROUND 
terminals  of  the  megger.  Leave  the  other  ends 
disconnected.  When  the  megger  is  operated,  the  scale 
should  read  '^INFINITY/'  ^ 

(2)  Now  connect  the  two  leads  from  the  same 
terminals  together  and  operate  the  megger.  The  scale 
reading  should  be "0." 

h.  Connect  th|  bINE  and  GROUND  leads  to  the 
cable  pair  to  be  tested  as.  shown  in  the  top  part  of 
figure  5-12. 

c.  Turn  the  crank  of  the  megger  until  the  indicator 
bh  the  dial  of  the  n^^^^ 

remains  fairly  constant:  If  the  insalatidn  resistance  is 
low,  the  h^dle  usually  reaches  a  steady  t>ositiph 
quickly  and  docs  not  fluctuate.  However,  if  the 
insulation  resistance  is  high,  it  will  usually  take  a  little 
tiihe  for  the  needle  of  the  indicator  to  reach  a  steady 
position  on  the  jlial. 

Take  the  reading  oh  the  dial  while  the  craiUc  is 

still  bcalig  turned,  '  

e.  Stop  the  crank  and  record  the  reading: on  AFtO 
Fonn_4g4. 

JC  Take  a  j)iecc  of  well  [nsul&tcd  wire  and  short  it 
across  the  pair  tested  to  discharge  the  ^air  as  shown  in 
the  bottom  of  figure  5-12. 


CLJSTANl_rBJliME 
OR  TERMIINAL 


OPEN 


•AN/PSM-2A 


MPF  _ 
TIP 


/  DISTANT  FRAME 
'         OR  TERMilMAC 


*^bl'e 


PAIR 


OPEN 


CENTRAL  OFFICE 
^        ,  GROUND 


bnpuUe  Noise  Test.  The  test  equipment  setup  for 
the  impulse  noise  test  is  shown  in  figure  5-13;  use  the 
6CK)-ohm  r^istor  for  nonloadcd  cabic  and  the  900- 
ohm  resistor  for  loaded  cable. 

Set  up  the  480A  impulse  noise  counter  as  follows: 

NOISE  LEVEL/IMPULSE/BAT  CONt):  IMPULSE  poiitiow 

Connect  to  caWc  pair  using  cither  line  310  jack  or 
the  T.and  R  binding  posts: 

INPUT:   600  or  900  as  appropriate, 
BRDG/TERM.  Term 
Voice 


WEIGHTING 
HOLD:  Off 
REF  LEVJEL: 
COUNTERS: 


50  dBrn 

to*  Level  -  0  dBrn 
Mid  Level  -  4  dBrn 
Hi  Level  -  8  dBrri 
Clear  all  counters  - 
TIMER  KNOB:  Sci  to  15  minmes    -  ^ 
POWER:  On  i 

Once  the  equipment  is  set  up,  adjust  the  reference 
level  up  or  down  imjil  the  setting  is  reached  which  will 
r«uh  in  about  i 5  "HI"  hits  in  15  minutes. 

Reset  the  center  to  zero  and  the  timer  tot  15 
niihufcs_  for  data  or  30  minutes  for  voice.  * 

Post  the  start  time  of  the  test  to  AFTG  Form  4^5. 

At  the  end  of  the  t«t  pcri9d,  record  the  cow\t^ 
readings  arid  the  finish  time J)rt  AFTO  Form ^5. 

Idle  Channel   Noise  Test.  Test  equipment  is^ 
CQri^cctcd,  as  figure  5-14  reveals,  with  the  600-  on 
9Ck>-ohm  resistor  at  the  distant  end  for  appropriate 
type  cable.  _   

Set  the  HP  3555B  controls  as  follows: 
■  ■ 

FUNCTION:    600  Hold  or  900  Hold  as  appropriate  _ 
INPtJTi  Terminate  •  y  ^ 

POWER:    ON  -  '  ' 

RANGE:    3D  dBrn  (blup  setting) 

WEIGHTING:    15  kHz  Rat  \         ^  J» " 

RESPONSE:  Normal 


Now^hat  the  test  eqiupment  is\S^uj)bj^mi^t  th^ 
HP  3555B  to  each  pair  under  t^,  pSividually. 
noise  fluctuatibitt  appear  oh  the  meter,  observe  the^ 
pointer  few-  a^  short,  while  to  establish  the  ^^^^ 
which  the  pointer  appears  most__of  the  time, 
^l*J^M^r^i^£  9^^1<>_nAl  high^eaks./lf  flucttiatjoiis  dp 
not  appear,  adjust  the  Ran^' switch  until  they  do: 
Oiice  this  point  is  established,  the  idle  channel  noise 
level  is  the  algebraic  sum  of  tte  iiidicatibri  on  the>lue 


MDF 


DISTANT  FRAME 
OR  TERMINAL 


IMPULSE 

_NOISEL 
COUNTER 

600/900  A 
RESISTOR 


Figurt  5-12.  Setup  for  insulation  resistance  test. 


Figure  5-13.  Setup  for  impulse  noise  test. 
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■  641 


DISTANT  FRAME 
MOF       -    OR  TEi?MINAt 


-  TX 
MEASURING 

_  SET  _ 


CABLE:  PAIR 


3 


60Q/9_0Q  A 
RESISTOR 


Figure  5-14,  Setup  for  idle  channel  noise  icsi. 


dBrh  meter  scale  and  the  dBm  Range  switch  setting. 
For  examplev if  Range  ]s  set  to  30  dBrp  and  the  meter 
ihdiciU»  +6  dBm,  the  noiic  jsJO  +  6  =  36  dBrn:  Post 
^he  reading  obtained  to  ?Idle  Channel  Noi9e**  section 
of  AFTb  Form  485. 

XFreqiiency  Respome/test.  Connect  a  transmission 
airtdx  noise  mcisuringdii^  at  the  MDF  and  a  test 
oscillator  ,at  the  far  end,  as<sjji>wn  in  figure  5-15. 

Set  the  HP  236A  tftt  oscinator  in  the  following 
cdnfi|iiration:  ^       ,      /  ^  - 

^99  *^hjn  pr  900  ohm  depending  upon  whether 
_        the  cable  is  nonloaded  or  loaded 
.  .FREQUENCY  RANGE:    XIOO  . 

.)  ^ft  the  MDF  set  the  HP  3555B  transmission 
measuring  set  in  the  following  configuration:  * 


FUNCTION:    600  ohm  or  900  ohm  as  appropriate 

NOISE  WTG:    15  kHz  Flat  ^ 

RESPONSE:    NORMAL  • 

RANGE:    to  value  calculated  for  the  cable  size,  length,  and 

temperature 

Once  the  equipment  is  set  up,  turn  both  iristrumchts 
"On"  and  detcmiinc  the  dB  loss_at_each  frequency 
Ustcd,  by  sending  the  t«t  signal  at  0  dBm  frbrh  thc 
236a  and  reading  the  loss  on  teh  HP  3555B.4^not 
use  frequencies  above  3.5  kHz  on  H-88  loaded  c^les 


9^?  5J<H7_  ori  or  D  66  loaded  cables.  The 

readings  should  be  recorded  on  AFTO  Fc>rm  485  in 
the  frejqucncy  response  section.  _ 

.ground  Resistance  Test.  Establish  the 
proper  distances  that  you  will  place  ihe  auxiliary 
current  and  auxiliary  potential  electrodes.  These  two 
distances  are  predetermined  through  the  use  of  graphs 
appearing  in  TO  33A I -12-310-1. 

Place  the  test  set  in  a  suitable  locatiofi.  near  the 
grounding  system  to  be  tested. 

Connect  Vibroground  terminal  X  to  the  grounding 
electrode  or  station  ground,  terminal  I  to  the 
auxiliary  potential  electrode,  and  terminal  2  to  the 
auxiliary  current  electrode.  ^  . 

y c _^ u X i I iar y  c lec t r odes  i n to 4 he  gr b u nd  a 1 1 h e 
proper  distances  from  the  grounding  system,  in  a 
straight  line. 

P^^^^^^  sdt  up  of  tte  lest  cquiprncnt. 

displayed  in  figure  5*l6,  make  the  test  as  follows: 

(1)  If  you  have  an  idea  of  the  general  range  of 
resistance  to  be  measured^ set  Multiply  By  switch  to  a 
multiplying  factor  within  this  range:  If  unknowmr 
select  the  highest  multiplier  range  first, 

(2)  Operate  the  Test  switch  to  the  ADJ  position. 
Rotate  the  OHMS  control  knob  until,  the 
S§!X§nbmetcr  indicates  a  balatfcc  at  center  scale.  If  thcj 
galvanometer  reads  to  the  right  of  center  scale  with 
the  OHMS  control  at  zero,  set  the  Multiply  By  switch 
to  the  next  lower  range.  If  the  galvanometer  reads  to 

^^he  left  of  center  scale  with  the  OHMS  control  fully 
clockwise^  set  the  Multiply  By  switch  to  the  next 
,  higher  range: 
_  (3)  After  balance  is  achieved  with  tfic  Test  switch 
-   in  the  ADJ  position,  operate  this  switcli  to  the  READ 
^  position  and  rebalance  the  galvanometer  with  the 
OHMS  control.  , 

(4)  Read  the  resistance  on  the  calibrated  OHMS 
scale.  If  this  indication  is  less  than  J  Id  of  full  range, 
set  the  Multiply  By  switch  to  the  adjacent  lower  range 


DISTANT  f^ME 
OR  TERMINAL 


MEASURING 

__SET  _ 


CAB tE  PAIR 


-TEST- 
OSCILLATOR 
"HP236A 


X     1  2 

-  GNO 
RESISTANCE 
TEST  SET 


STATION  GND  (BLDG)/ 
UNKNOWN.  G.ND/ 
CABtE  SHEATH 


Figure  5-15.  Setup  for  frequency  response  lest; 


Figure  5-16.  Setup  for  station  ground  reslstai^ce  test.^ 


a ndVc balance  the  galvandrtictcr.  (This  provides  belter 
readability  and  resoiution.) 

(5)  Multiply  tKe  OHMS  scale  ihdicatidri  by  the 
factor  indicated  bv  the  Multiply  By  sw^^^^ 
prodacl  is  the  resistance  of*  the  grounding  system 
conheclcd  to  terminal  X.  Record  this  resistance  value. 

_W  balance  cannot  be  achieved  under  any 
conditions,  check  the. test  leads  for  opens.  Make  sure 
that  the  leads  arc  ^xropcrly  connected.  If  the  troubfe 
persists,  the  grounding  system  may  e  inadequate  due 
to  a  high  resistance  beyond  the  range  of  the 
Vibroground. 

Exercises  (831): 

1;  What  soura  of  "power  is  used  for  tH?  Megger, 

AN/PSM-2A? 


  -                 -  -  3>  -- 

9.  Tq  what  is  terminal  X  of  Vibroground  test  set 

connected  when  checking  station  ground 
resistance? 


10.  To  what  ievel  do  you  initially  set  the  three 
counters  on  the  480A  noise  test  set  when 
meaisuring  impulse  noise? 


il.  When  setting  up  for  a  frequency  response  test, 
what  determines  where  the  function  switch  on 
both  pieces  of  test  equipment  should  be  set? 


2.  What  type  of  load  is  used  at  distant  frame  or 
terminal  during  i  DC  loop  resistance  test? 


5-3.  Ihtirprititlon  of  Test  Results 

832.  liiinj  tsbia  1  through  6  as  neccsisrj'  fthd  given 
J^ult5,_  (tetet'snine  which  cable  pairs  meet 
specifications. 


3.  What  must  be  done  to  a  cable  pair  after 
'  completing  an  insulation  resistance  test? 


4.  what  is  the  measurement  time  for  the  impulse 
noise  test? 


5.  To  wjiat  level  is  the  reference  level  initially  set  for 
the  impulse  noise  test? 


6.  When  making  an  idle  channel  noise  lest,  what 
?  value  of  load  resistor  is  used  for  nonToaded  cable? 


7.  When  making  an  idle  channel  noise  test,  what  dp 
you  do  if  noise  fluctuations  do  not  appear  on  HP 
3555B?         *   r  > 


'        -  -  ^ 
8.  Purjng  a  frequency  respq^^        what  is  placed 
at  the  distant  frame  or  telrninal?  ; 


Loop  and  Insulation  RMistancevTd  dctcrtni 
the  pair  incets  DC  ioop  resistance  spccificatiohs, 
compare  the  icadings  obtained  'diiring  the  test 
the  calcidMed  viUiic.  The  calculated  valueis  obtoined 
by  multiplying  the  length  of  the  cable  pair  times  the 
value  taken  from  table  ^1  for  the  pro psr  gage  and 
iMnJJcrat lire.  [The  readings  should  be  within_±20 
percent;  if  notV  make  the  entry  in  red  on  AFTO  ¥om\ 

484.  _  _ 

To  deter  mi  he  if  the  insulatioh  resistance  is  within 
limits,  cbmpafc  the  test  results  with  the  objeaive 
value.  The  objective  value  is  obtained  by  multiplying 
thc^  value  from  table  5--2  times  "the  length  of  the  cable 
pair:  The  pairs  that  fail  to  meet  the  criteria  arc  entered 
in  red  on  AFTO  Form  484. 

:  JnipiUse  Nbiie.  For  a_ca  the  specification 

for  voice,  the  impulse  noise  count  is  not  to  exceed  96 
hits  at  59  dBrhc  in  any  3(>-ininiite  period;  the 
maximum  impiilse  noise  cbiiht  for  a  data  circuit  is  15 
hits  in  15  mintrtes  at  59  dBrnc.  Pairs  that  do  not  meet 
the  criteria  arc  annotated  in  red  on  the  AFTO  Form 

485.  , 

Idle  Chaiuiej  Noise.  For  normal  purposes,  the  idle 
channel  noise,  level  present  bh  a  caWe  pair  is  n of  to 
exceed  40  dBrnc:  An>  other  use  of  the  cable  pair  will 
require  special  parameters  related  to  the  requirements 
of  the  specific  circuit  cdncci^ncd^  In  other  words,  when 
a  new  circuit  is  installed  and  the  design  requires  less 
noise,  sp«:ial  installation  procedures  wll  be  fdllo^^^ 
to  obtain  them.  Idle  channel  noise,  of  course,  applies 
to  an  cxistinjg  circuit  working  on  a  system  similar  to 
"Microwave*'  where  ah  idle  line  tcrminatiori  is 
negifesary  to  prevent  exccssivis  noise  on  that  channel 
i<5foperation  when  it  is  not  in  use.  Circuits  with  a 
ndrhnal  /ibnc-ori  id[c  condition,''  such  ias  2,600  Hz 
uscjd  for  SF  unit  signaling,  are  not  affected  by  this 


.   .  TABLE  S-I 
CABLE  DC  RESISTANCE 


uonauctor 
Temp  % 

19  ga 

,    22  ga 

24  ga 

26  ga 

KJtujaS/ 
K  Ft 

Ft/Ohm 

Ohms/ 
k  Ft 

Ft/bhm 

Ohms/ 
K  Ft 

Ft/Ohm 

Ohms  / 

k  Ft 

Ft/bhm 

•10 

13.  0 

72.6 

27.3 

36,7 

44. 1 

1  ^  Q 

72.0 

27.9 

35.8 

44.4 

U 

71.3 

28.2 

35.5 

44.  8 

72  *5 

1  ^    ft  " 

lo .  0 

c 
0 

14.  2 

70.6 

28.5 

35.2 

45.2 

10 

^"14.  3 

69.9 

28.  8 

34.8  . 

,45.7" 

.21.7 

74.0 

13.5 

15 

14.5 

69.3 

29.0 

34.5  ' 

46.2 

14.  0 

68. 6 

29.3 

34. 1 

46.  7 

213 

7^  fl 
10.0 

xt4.  8 

67.9 

29.6 

i83.  8 

47. 2 

30 

14.9 

87.2 

29.9 

33.5 

':-47.7 

20.8 

77.6 

13.0 

35 

15.1 

66.6 

"  30.2 

33. 1 

48. 1 

A  A 

40 

15.  2 

65.  9 

30.  5 

32.  8 

48  B 

7fl  Q 

14 . 7 

45 

15.  4 

65!2 

30.8 

32  !  5 

49. 1 

50 

IS.  5 

—   -   i  ,  ■  ■4 

64.^''-'  ■ 

31.2 

32.1 

49.  5 

20.0 

80.6 

12.4 

55 

15.7 

63.8 

31.5 

31.8 

50. 1 

60 

15.8 

65i2 

31.9 

31.4 

50.6 

19.6 

82.0 

12.2 

65  : 

16.  0 

62.5 

32.1 

31.1 

51.3 

68 

18.  r 

6^05 

32.4 

30.9 

51.9 

19.3 

83.4 

12.0 

7b 

16.2 

p8 

32.5 

30.8 

52,0 

19.2 

84.2 

11.9 

75 

16.4 

er.i 

32.9 

30.4 

52.  3 

80 

16.6 

60?.4 

33.3 

30.1 

52.9 

18.8 

85.5 

11.7 

85 

16.8 

.59. 8 

33.5 

29.8 

53.5 

90 

16.9 

|9.1 

34.i% 

29.4 

54. 1 

18.3 

87.9 

11.4 

95 

17. 1 

58.5' 

29. 1 

54.7 

100 

17.4 

57.7 

34.  9 

L28.7 

55.3 

105 

17.  6 

57.0 

35.2  ; 

.28.4 

56.2 

110 

17.8 

581,4 

35.6 

28.1 

56.  8 

17.9  ' 

C|5.7 

36.1 

27;7 

57.5 

120  ' 

18.2 

^.0 

36.  5 

27.4 

58.2 

'   :■'       TABLE  5-2 

CABLE  Insulation  resistance 


Req 

Required 

Insulation  Resistance 

Insulation  Resistanc  e 

Length 

Plastic 

Piqper 

Length 

■ 

Plastic 

Paper 

of  cable 

Insidated 

of  cable 

Insulated 

Insulated 

(it) 

(Mohms) 

(Mbiims) 

(miles) 

(Mohms) 

(Mohms) 

500 

7,820 

5,280 

1 

750 

50b 

1,000 

3,960 

.2,640 

1 

575 

250 

1,500 

-2,640 

1,760 

S 

2IK) 

167 

2,000 

1,980 

1,320 

4 

170 

125 

3,000 

1,320 

880 

5 

m 

100 

4,000 

990 

660 

6 

88.3 

5, 000 

792 

528 

7 

107.1 

71.3 

6,000 

660 

440 

8 

93.3 

62.5 

7,000 

566 

377 

9 

83.8 

55.5 

8,000 

495 

330 

10 

75 

5b 

9,000 

440 

293 

11 

68.1 

45.4 

10,000 

396 

264 

12 

62.  5 

41.7 

cbhditibn.  Voice  trahsmissib hs  arc  hot  nbrmally 
affected  by  idle  channel  noise,  but  if  a  pair  is  to  be 
used  for  data  transihSlHons,  the  effect  is  important. 
All  cablw  that  fail  to  meet  the  cntcria  arc  entered  in 
red_in_  appropriate  section  of  A FfS  Form  485. 
J*^^^liU)cy  Rrspbme.  Ihfbrmatiefi  recorded  bn  the 
^'ortn  485  must  c^rmider  if  loaded  or 
loiroSfed  cable  is  being  tested.. 

^Q'^padcd  cable  pairs  ^buld  havc^  J cw^scs  wit hin 
£]b  percent  of  cslctitated  values,  and  these  calculated 
values  arc  obtained  by  using  tiiblcs  5-3,  5-^,  or  5-5 
val lies  times  length  of  cable  pair.  The  pairs  that  fail  to 
meet  this  criteria  cannot  be  used  for  data  circuits,  but 
they  could  possibly  be  used  for  voice  circuits.  To 
verify  possible  voice  circuit  usage  refer  to  TO 
3IZ-i6-15. 

•^P_n_  Loaded  i^bjc  pairs  random  variations  are 
conidered  acceptable  if  the  measured  facility  lo«s 
compared  tb_  the  calculated  value  is  within  ±10 
pCTornt  at  1.006  Hz  and  2;G00  Hz  and  ±20  percent  at 
300,  5(X),  and  3,000  Hz.  If  the  1,000  Hz  IbM  varies 
more  than  ±10  pcrccrit  frdip  the  calcinated  value, 
shown  in  tabic  5-6,  it  is  still  possible  for  the  cable  to 
have  no  ihiyor  irregularities  if  the  niCMiir«d^ffcctiyc 
facility  loss  is  within  ±20  percent  of  the  measured 
1,06()-Hz  facility  loss.  The  effective  facility  loss  is 
figured  by  camputihg  the  average  of  the  measured 
losses  at  300,  SOO,  1,000,  2,000.  and  3,000  Hz  This  is 
illustrated  as  follows: 


Frequency  (Hz) 

300  ^ 

500 
1.000 
2.000 
3.000 
Total  Facility  Loss 


Measured  Loss  dB 

7.4 
9.1 

:9.7 
10:3 
n.o 


47.5 


9.5  dB  which  meets 


Eff^ivc  facility  loss  =  47:5/5  • 
the  requirement. 

Any  pairs  that  dp  not  meet  the  criteria  will  be 
entered  in  red  bh  AFTO  Forn3^485. 

Station  Ground  Resistance,.  The  TO  for  Telephone 
Inside  Plant  Engihccririg.  Central  Office  Building 
C>es>In  Criteria,  specifics  5  ohms  impedance  to  earth 
for  telephone  equipment  station  grounds.  If  ybur 
reading  is  higher  than  5  ohms,  insure  that  you  have 
pcrfbrrttcd  the  test  correctly  and  that  you  have 
obtained  the  correct  information  about  the  station 
ground  ydU- have  tested.  The  ground  system  was 
designed  around  the  soils  ability  to  conduct;  if  the 
resistance  is  too  high,  there  are  only  a  few  pdssibl^^ 
causes.  Usually  the  station  ground  is  rotting  away 
because  of  rust  and  it  mtisi  be  replaced.  The  main 
thing  to  remember  here  is  to  sure  you  have 
collected  all  available  information  about  your 
particular  station  ground  before  making  any 
decisions. 


TABLE  5-3 

NONLOADED  CABLE  ATTENUATION  CHARACTERISTICS 
(DECIBELS/ICFT  AT  38°  F.) 


200  . 105  . 149 


300  .128  .183 

50b  .164  .235 

800  .206  .296  ; 

1000  .228  .329 

1200  .249  .360 

1600  .283  ,4U( 


Uga 

.  188 

.238 

.231  1 

.292 

.297,. 

'  .376 

.374 

.474 

.418 

.536 

.457 

.580 

.668 

<■/--- 

2000  .312  .458  7^3;     .585  .744 

2400  . 338  ,    •'^^^'t  '■■        •  ^®  • 

2800  .360  -^^^ 

3000  .370  .'552  .709  .906^ 

3200  I       .380  .5&8  .730         ^    .  934 

3500  .394  ,  591  .761  . 97^^ 

3866  .406  .613  .791  r,0l4 

4000  '    .414  .627  .810  1.039 

4266  .422  .646  .828  1.064 

4500  .432  .660  . 854  1.099 

4800  .442  .678  .880  1.133 


90 


en 


TABLE  5-4 

NONLOADED  C  ABLE  ATTEMiATlON  CH^J^RACTERISTICS 
(DrciBELS  KFT  AT  68^  F') 

I 


Frecjuency  (Hz) 

19  GA 

22  GA 

24  GA 

26  GA 

200 

.  109 

.  155 

.  195 

,246 

300 

.  133 

.  190 

.238 

.302 

.  50C 

.  .170 

.243 

.  307 

.3jB9 

800 

^/2l3  . 

.306 

.388 

.491 

looe 

.237 

.  341 

.432 

.548 

1200 

.258 

.373 

,473 

.  600 

1600 

.294 

.428 

.  544 

.691 

2000 

.  32  5 

.475 

.  605 

.771 

2400 

.351 

.  517 

.661 

,842 

2800 

.375 

.555 

.711 

.908 

3000 

.385 

.  573 

.  734 

.938 

3200 

.396 

.  590 

.  757 

.  968 

3500 

.410 

.614 

,789 

1.011 

3800 

.423 

.637 

'  .  820 

1,051 

4000 

.432 

.652 

.  840 

1,077 

4200 

.440 

^  ,666 

.  859 

1.102 

ft* 

4500 

.451 

686 

.  887 

1,139 

4800 

.462 

.705 

.  913 

1.174 

9 

/..,. 
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TABLE  5-5 

NONLOADED  CABLE  XTTENUATION  CHARACTERISTICS 
(DECIBELS  KFt  AT  88°  F.) 


200 
300 
500  . 
800 


.^lOOO 
1200 
1600 
2000 
2460 
2800 
300a 
3200 
3500 


19  GA 

.  Ill 

.  136 

.  174 

.218 

.242 

.264 

.  .301 

.  332 

 .  .360 

.lit 


4000 


420Q 
4500 
4600 


f406 
.421 
.435 
.444 
.  452 
.464 
.475 


22  GA 

24  UA 
— 

26  GA 

158 

.  191) 

.  252 

.  193 

.244 

.  3G8 

.249 

.314 

.397 

.313 

.396 

502 

.349 

.442 

.  560 

.381 

.483  ^ 

.  613 

.437 

.  556 

.706 

.486 

.  619 

.788 

.529 

.  676 

.  861 

.  568 

.727 

>• 

.928 

.  586 

.751 

.  959  . 

.604 

.774 

.  990 

.629 

.808 

1 

.033 

.  652 

.  839 

1 

.075 

.667 

.859 

1 

.  101 

.682 

.  879 

1. 

.  127 

.703 

.  907 

1. 

,  165 

722 

.935 

1. 

201 

6  IS 
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TABLE  5^  . 

H-88  COADED  CABLE  ATTENUATION  CHARACTERISTICS 
(DECIBELS  KFT  AT  68^  F.) 


Frequency  (Hz) 

19  GA 

22  GA 

24  qA 

26  GA 

200 

.072 

.  121 

.  169 

.222 

see 

.074 

.  132 

.  191 

.256 

500 

.077 

.  141 

.213 

.298 

8oe 

.080 

.  148 

.228 

.330 
.341 

1000 

.080 

.  150 

.23^ 

1200 

.081 

.150 

.233 

.347 

1  Ann 
2000 

API 
•  Vol 

.  081 

.150 

*  £iOO 

.235 

.354 

> 

2400 

.085 

.  152 

(  .237 

.354 

2800 

.093 

.161 

"  .246 

.  362 

3000 

.102 

.169 

.260 

.375 

3400 

.203 

:26i  > 

3500 

.570 

Exercises  (iS2): 


4.  What  arc  the  impulse  noise  limits  for  data  circuits? 


I  :  DC  loop  rcsisUTVC  of  a  r9-gaoge  cable,  5,000-fccl      5.  What  values  of  idle  channel  noise  test  would  be 
long,  alr68°  mcasjiffes' 82  ohins.  Is  it  good  or  bad?  entered  on  the  AFTO  Form  485  in  red? 


2.  The  cable  in  question  1  has  an  insulation  resistance 
of  793  Mohms  Is  it  good  or  bad? 


6.  On  Ipaded  cable,  measured  facility  loss  compared 
to  calculated  valtic  must  be  within  


at  LdOd  Hz  and  2,000  Hz  and 
300,  500,  and  3,000  Hz. 


at 


3:  A  cable  pair  has  83  hits  at  58  dBrnc  on  an  impulse      7.  A  station  ground  has  to  be  less  than  . 
noise  test.  Is  it  acceptable  for  voice?  '  to  be  acceptable, 

//b»0«i>€r,  a/J  course  mo^'finaf  )s  //\c/ac/£cL, 


.  ohms 
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ANSWERS 


EXERCISES 


CHAPTER  I 


Reference 

800-  1 


800-2. 
800-  3. 


•800-4. 


801 

SOI 


801 
801 


3. 
4 

-  i; 


802 
802  -  2. 

802  -  3. 


802  -  4. 


802  -  5. 


803  -  I. 


803  -  2. 


803  -  3 


Direct  dial,  being  able  to  directly  dial  the  desired  number. 
Operator  assistance,  placing  the  call  through  the 
operator. 

Dual  tone  multi frequency. 
Five. 


.To  pr  ov ide  i hfor  ma ti  o n  assUta nee .  esta  bli  sH  c o nf c r^iKc s . 
artd  place  precedence  call  for  AUTOVON  users.  y 

Seven    _ 

"  A  network  cbJttisih  of  tbc  i^UTO VON  switching  cehtei-s. 
apd  the  trunks  cbnncciihg  them  to  centitlT  offices  and 
(Siher  AUTOVON   switching  centers;  all  within  one 
geographic  area.  ___ 
TQ_indicaie_t_hc  precedence,  of  t_he_  originating  call. 
The  call  is  routed  to  a  recorded^nnounccmefit. 

The  amount  of  i-quipmcnt  ihstaUcd  and  its  placement  for 
e^se  of  ma intc nance.  \ 
An  SF.  signaling  unit  is  a  completj:.  seir-cqntaincd  2,600 
_H2_Ln- band  signaling,  systcm._]ts  purpose  is  to_  nia rk  the 
interoffice  trunks  idle  or:to  provide  trunk  supervision. 
On  the  Central  office  or  cqispmcnt  side  of  the  SF  unit 
there  arc  two  pieces  of  ciqiiipmeht;  the  tcnhinatihg  set  or 
hybrid  coil  connects  the  transmit  and  receive  pairs  to  it 
:and  the  trunk  circuit  connects  the  E  and  Mjeads  tqjt.  On 
the  line  side  the  SF  unit_connccts  the  jtf^nsmit  and  receive 

paj  r s  to  the  V  F  i  ine _  arn  pj  ifie r .  '  _        _  _ 

On  outgoing  calls  from  the  control  office  the  SF  unit 
converts  the  dial  palscs  to  2;600  Hz  tone  bursts:  Oh 
ihcomihg  calls  the  SF  units  cbhverts  the  i^jjfi|uhg  signal, 
\ia  the  E  lead,  to  the  trunk  circuit  in  tHZVbrrh  of  dial 
pulses. 

The  forcijzn  applique  is  used  to  cj) n vert  the  signaling  used 
in  the  foreisn  cquipTnent  tp_  loop  pulsing  are  required  by 
the  two-wire'  four-wire  trunk. 

Grbuhd  through  coniacts  4Bah(^  5B  bf  the  operated  CNS 
relay  in  the  trunk  circuit  is  sent  back  to  hold  the  outgoing 
selector  operated  vif^e  C  lead. 

the  SF  uni t  is  aierto^F  j hat  the  trunk  c_i ncuit  is  no  jpngcr 
idle  when  contacts  4  and  5  of  the  operated  A  relay  in  the 
trunk  circuit  removes  ground  f>otential  from  the  E  lead 
and  conlacts  i  ;iht}  6  bf  relay  A  place  rcJii stance  battery 
oh  the  F  Ifjacr' 

On  the  second  or  subsequent  impulse  rjiake  relay  A  in  the 
^ n K  _c ' '"cu It  t>pc r at es  c  1  o s in g  a  hql d m g  path  to  r e la >  B . , 
«*n  < >pe r  a rt  p at  h  t < \  re  1  a  \  A  S ,  p  1  ac e  s  r e si  s t a  nee  ba  t  te  r  \  o>1  ^ 
the  M  ielfe,  and  opens  the  path  to  the  C  relax  ,  which 
places  ii  on  siow-io-rclcasc 


803  -  4  The  cUvsing  ol  contacts  2  and  3  of  the  ES  rela>  causes 
relay  PI  and  SR  to  operate  in  parallel.  If  this  call  were 
platccj  ihrougli  ihe  switchboard,  the  cord  buss  lamp 
would  cxtit)/!iiish  ' 

K03  •  5.  Jhc  ON  S  TcfaN  is  the  last  relay  to  release  when  the  called 
party  hanp^  up   Ihe  contacts,  4B  and  5b  of  the  bpcraicd 

Y 


QNS  relay  keep  a  grbuhd  bh  the  C  lead  back  to  the 
preceding  equipment  to  mark  the  trunK  busy. 

804  -  I.  The  lead  SF  unit, _  when  it  stops  rccciyitig  2.600  Hz  tone 
from  the  distant  ofilcc  (AUTOVON),  changes  the 
condition  bf  the  E  lead  tb  the  trunk  circuit  frbm  ah  bpeh 
,  to  a  grbuhd  pbtcntial,  causing  the  E  relay. 

804  -  2.  The  operation  of  relay  IN  in  the  trunk  circuit  seizes  the 
incq rn m g  scjcctqr _ d ur i n^  an  N I D  cal  1 . 

804  -  3.  ^ The  operation  of  the  INS. relay,  contacts  2  and  3.  places 
ground  on  ihe  HU  lead  ia  mark  the  trunk  busy  when 

  rotary,  switch  accesi  is  used;   - 

804  -  4.  The  closed  5  and  6  contacts  of  relay  DE  (fig.  2A  on 
foldout  5)  keep  ajoop  across  tip  and  ring  of  the  incoming 
«kct or  d  uring  the  rccc i pt_  of  t he  first  (Recede nee )  d igit ; 
since  thc  joqp  rcmains.^ 

804  -  5.  The  RSI  (rotary  switch)  will  step  in  responsejo  the  digit 
dialed  (precedetice)  tbJndicace  what  the  Ofecediinc^  of  the 
call  is:  K  2,  3;  4.  br  0;  _  j  - 

804  -  6.  The  bpehihg  and  closing  bf  relay  E  contaCt^-^nd  7  steps 
the  incoming  equipment.  \. 

804  -  7 .    The  oj«  ni  nj  of  of  f-  norma  j  i  OS)  co  ntact  s  J  a  nd  2,  w  hen 

RS_1_ reaches  Jionic  ppsition.  opens  the  homing  circuit, 
when  the  trunk  circuit  is  releasing  from  an  NID  call 

805  -  I.    The  bbvibiis  pi-bblem  is  that  hb  grbiind  is  being  returned 

by  the  trunk  to  mark  it  busy  to  other  selectors^  Contacts 
^  ^^04  ''^?  T^l^y  P^-?  ^""e  d  1  rty ,  or  t  he  c  o ntacls  of  the 
busv  key  arc  dirt y,*If  it  was  accessed  from  a  rotary  s\yitch. 
by  the  second  party,  contacts  6B  and  7B  of  the  ONS  relay 
or  the  busy  key  contacts  are  dirty.  Burnishing  the 

  -     contacts  will  clear  the  irbublc,  -   

805  -  2.  The  shuni  pi-bvided  by  contacts  5  and  6  bf  relay  DE  is 
missmg,  probably  due  to  dirty  Contacts.  Burnishing  the 
contacts  shquld  cure  the  trouble. 

805  -  3 .  It_  w  quid  aj)  pear  t  hai  contacts  I  OB  and  I  j  B  _pf  relay  ONS 
arc  dirty  or  failed  to  make.  They  require  burnishing  or 
adjusting:  _  _ 

805  -  4:  The  WK  relay  is  hbLbperatihg,  the  pi-bbable  cause  is  thai 
cbhtacts  3  and  4  bf  the  B2  relay  are  dirty  and  require 
burnishing.  It  might  also  be  that  the  WK  relay  is  out  of 
adjustment  and  requires  readjustment,  but  this  is  less 
likelv. 


806  -  i . 


806  -  2: 


K()6  -  3. 


CHAPTER  2 

T^e  precedence  busy  lamp  lights  due  to  the  operation  of 
the  PSI-  relay,  which  operates  due  to  operation  of  relay 
JP  in  the  Switchboard  applique  circuit. 
The  trunk  is  made  busy  lb  distant  sutecribcrs  ny 
bpcration  bf  relay  H  in  the  trunk  circiiit.  which  changes 
the  condition  of  the  M  lead  to  ofl-hook.  It  i.s  made  biis> 
to  local  first  selector  rotary  switch  access  by  operation  oi 
relav  ONS,  which  places  ground  on  the  C  lead  and  the 
HU  lead 

The  operator  knows  that  the  called  party  of  a  PNODeal! 
has  answered  the  cull  when  the  cord  siipcrvision  Ijimp 
goes  out  The  cord  supervision  lamp  goes  but  due  to  the 
operation  of  relay  R  V  in  the  trunk  circuit,  w hich  operates 
when  the  condition  of  the  I:  lead  is  changed.  causiriK 


95 


f  tt\\ 


^H06  -4. 


806-  5. 


806  -  6; 


807  -  I. 


relays  E;£SS.  ES;  SR;  and  PI  to  operate:  TKe  opefation 
of  relay  PT  closes  the  operate  path  of  the  RV  rcla\: 
The  bu5>  lampb  ori  the  switcht^bard  remain  lit  until  the 
PBY  relay  releases:  this  happens  at  the  very  end  ol"  the 
circuit  actijons  that  occur  w he n  t he  cajled.part  y  ha  ng>^ 
and,  in  turn,  changes  the  condition  of  the  E  lead  in  the 
locdS  trunk.  Just  pnor  to  the  above  actions,  relays  ONS 
aiid  PSt  rclcSisc.  removing  the  ground  potential  from  the 
C  lead  to  thcf  selev'topi  and  the  HI'  lead  to  the  rotary 
swiicticv^  *  I 

Th^  PT^ccdcncc  busy  ianip  is  Jit  from  ground  on  the 
CO  nt  acts  of  re  I  a  v  _  P  S  L.  R  c  lay  _P_R  p  pc  r  atjcs,  pri  o  r  tq  i  he 
release  of  relay  PS L,  providing  an  alternate  path  for  the 
busy  lunp  until  the  trunk  is  released  from  both  ends. 
Whcti  DTMF  keyset  button  6  ib  depressed  and  the 
contacts  beneath  it  make,  causing  a  tone  of  770  hertz  + 
^^^J_il^^?^Jo  ^  sent  to  the  AUTOVON  switch  on  your 
transmit  pa^ir. 


807  -  3 

Q 

; 

807  -  4. 


807  -  5 

\ 


807  -  6. 


When  rcl«y  AR  operates,  it  doses  contacts  6T  and  7T 
and  8B  and  9B.  sending  precedence  rthgbaclc  tone  to  the 
calling  party: 

807  :  2.    The  timer,  12  to  15  stcomis  after  it  starts  tirriing^placcs 

ffP_M"'^_on_  Ir*  J?My*_"lAenw]'^  itl^o .operate  the  RBL 
relay;  this  cause!^  the  precedence  ainKver  lamp  to  flash  at  a 

rate  of  60  IPM.  '   

When  the  operator  a nswe&-a^i verted  PNID  call,  by 
pluggihg  an  atuwer  cord  t tit b  the  precedence  jpcic,  a 
ground  is  placed  oti  lead  K,  which  bpciates  relay  J  P. 
During  a  PN ID  cali,  tKe  central  of c<l^>pnieni  steps  in 
res  po  nsc  t  o  t  Ik  b  re  a  k  i  ng^  a  nd  ,m  a  k  i  ng  of  c  o  nt  acts  6  a  n  d  7 
of  relay  E  in  the  trujik  circlrit.  The  E  relay  operates  and 
releases  in  response  to  the  pulses  of  ground  on  the  E  lead 
from  the  SF  unit:   ^ 

The  condition  of  the  M  lead  iti  the  triirik  circiiit,  for  a 
diverted  PNID  call,  changes  to  off-hbbk  wfen  relay  A 
operates;  this  occurs  .after  the  opcratoj-  arawers  the  call. 
Thc_ contacts  t_h3t_  provide  rci^y  jP  in_t_he_appliyuc_circui_t 
witji  its  hold  path  are  the  same  as  those  that  caused  it  to 
operate:  They  are  located  in  the  precedence  Jack,  one 
coiihccted  to  ground  and  the  other,  to  lead  K: 

808  -  I:    The  trouble  is  that  contacts  S  and  6  of  relay  A  are  open: 

Burriishihg  the  contacts  will  clear  the  trouble. 
808  -  2.    Contacts  5  and  6  of  relay  DE  are  open,  which  eliminates 

the  shunt  on  contacts  6  and  7  of  relays  E.  Burtijshing  the 

contacts  pi"  relay  T)E  should^   

808  -  3.    Diode  CR5  is  open,  preventing  the  ground  from  contacts 

12B_and  I3B  of  relay  PBY  from  reaching  the  BLl  lead 
—         CK5  must  be  replaced: 

808  -  4.  The  most  probable  cause  of  trouble  is  dirty  contacts  5 
and  7  of  relay  E.  Burnishing  (he  contacts  shouldclear  the 
trouble. 

808  -  5.    C_o_nt_acis  _5T  and_6T  of  relay  JP  are  dirty.  Burnishing  the 

contacts  will  clear  the  trouble: 

8^-1.  Break  contacts  ]  and  2  of  the  ON  I  relay  when  it  releas© 
"V»_kc  to  operate  relay  bN3. 

809  -  2.    The  slow  discharge  of  «ipacitOr  CI  kecpei  relay  ON2  bh 

5  low -to- release. - 

809  -  3.  Break  camicU  5  arid  6  of  ari  bpsrated  0N3  relay  removes 
battcrj'  from  the  C2  lead,*  preventing  premature  seizure 
.,;t>y  ji  selcdoii  for  an  N 

809  -  4.  bpcn  contacts  i_ancl  2_of  operated  relay  dN3  prevent  the 
'Opera tor  from  initiating  a  routine  call  prior  to  cbrtiplcte 
release  of  the  circuit  from  aribihcr  calL 

809  -  5:  When  the  called  party  answers  an  NID  call,  a  750^bhm 
battery  is  placed  on  lead  b[  through  the  S  relay  to 
ground,  operating  it.  When  relay  S  operates,  battery  is 
re  ycrscd  t  o  i  he  i  r  u  nkjcirc  u  it ;  t  hi  s  ca  u  ses  t  he  S  P'  re  la  y  i  n 
the  trunk  circuit  to  operate.  The  other  make  cx>ntaci.s  dI 
relay  .S  increase  the  capaciianff^^ri  both  sides  of  the 
transmission  path  from  2  mf  to  8  mf. 


809  -  6.    When  relay  C  releases:  its  10  lind  1 1  contacts  break. 

rcmibvirig  the  shiiht  from  the  AC  winding  of  relay  and 
allbwirig  it  to  bperate  fully^ 

During  seizure  the_ selector  places  ground  on  the  C2  lead 
of  the  applique. circuit,  operating  the  N  relay:  . 
During  an  NOD  call:  contacts  1  arid  2  df  relay  A3 
transmit  the  puls«  to  the  trunk  circuit 
During  an  NOD  call,  the  Ibw  resistance  grbijnd  at  lead 
C2  marks  this  circuit  busy  to  other  local  selectors. 

810  -  4.    When  the  cal[cd  _p_arty  answers,  duririg    an  NOD  call. 

batteryirom  the  trunk  circuit  is  placed  on  the  SPS  lead, 
operating  relay  S2. 

There  are  three  possible  sets  bf  dirty  cbntacts;  5  and  6  of 
relay  BJ,  I  and  2  of  the  rptai^y  swjuh  cam  switjrh  (^^^ 
or  _L. and  2  of  the  mpt_or_  magnet  iriterrupters  (MM). 
Bu_rnishi_ng_thc  diriy.set  of  contacts  willclear  the  trouble: 
The  a2  relay  is  nof  operating  because  contact  23  arid  24 
of  relay  R  or  coiitacts  I  arid  2  bf  relay  S2  are  dirty. 
Burnishing  the  dirty  contacts  will  clear  the  troubfc. 
Cbhiacts  I  and  2  of  relay  A3  could  be  shorted,  but  dirty 
contacts  arc  more  probable. 

This  jipubje  has  ip  bc  a  broken  wire  in  the  bank  multiple 
or  a  cold  solder  |oint  at  the  C2  lead,  Replacirig  the  wire  or 
resoldcring  the  bad  joirit  will  clear  the  prbblcm; 
The  Jtbublc  here  is  that  the  ON 3  did  not  operate,  because 
the  ON2  relay  released  immediately.  Replacing  capacitor 
CI  should  solve  the  problem. 


810  -  i. 


810 


810  -  3. 


811  -  I. 


811-2. 


811  -3. 


811  -4: 


812  ■ 
812  ■ 


812  -  3. 

812  -  4. 

813  -  I. 
813  -  2. 

813  -  3. 

814  -  I: 

8J4-  2. 


814  -  3. 


With  the  t_runk  circuij  idle,  the  Kl  relay  (ASC  unit)  is 
Operated  in  the  SF  unit. 

During  an  NOD  call:  the  cbriditiori  bf  the  M  lead  changes 
from  ground  lb  battery,  causing  rchiy  K  I  to  release  and 
removing  the  600^ v  .m  Idle  \\x\c  terrnlnaiic^n  from  the 
XMIT  side  of  the  outgoing  line  as  Well  jis  the  i,(^-Hz 
tone. 

When  2,600- Hz  tone  is  not  received  from  the  distant  end, 
the  Kl  relay  of  jhe  SF  unit  (coritfol  uti\\\  operates, 
placirig  grourid  bri  the  E  lead  tb  the  trunk:  this  operates 
the  trunk  circuit  relay  E. 

Diode  CR3  is  in  the  path  that  operates  the  K  \  relay  \ri  the 
SF  Qriit  (bsc  unit): 

_ y_E_|i  _a rnplifier  consists  of  two  i dc  ntical  _ci rc uit s .  A 
transmit  ampjifier  circui^nd  a_  Krcei ve  amplifier  circuit: 
The  impedance  netwoj^  icnds^b  form  a  ^bristarit 
impedarice  so  that,  repirdless  bf  the  position  bf  R2  and 
R4,  the  input  impedance  remains  almbst  constant. 
The  Ibw- pass  filter  restricts  the  bandwidth  to  that  of  the 
normal  voice  band. 

Either  rcsistbr- R 16  br  dibde  CR3  are  opeh,  preventing 

the  Kl  relay  from  operating.  Replacement  of  the  bad 

compbnent  should  clear  the- trouble. 

T*!^  '■'^^^"  Ahc/c.  ^n't  _a.606-ohm  tcrminatmn  across  t he 

transmit  side  _of  the  line  is  one  of  two  things:; ( i )  resistor 

RI9  has.  burned  out  in  a  short  or  contacts  of  the  Kl  relay 

(osc  unit)  arc  open  and  (2)  replacement  bf  the  resistor,  if 

bad,  br  replacement  bf  the  riicrcury  relay,  if  the  contacts 

are  bpen.  shbuld  cure  the  trouble. 

The  troubfc  is  prbbab|>  that  resistor  R36  is  open  and 

needs  to  be  replaced. 

CHAPTER  3 


8  i  5  -  I .    The  purpose  of  the  noise  and  baiancc  Lcstjine  circuit  is  to 
test  a  line  for  return,  loss  and  singing,  as  wcil  as 
transmission  measurement. 
815-2.    The  reverse  battery  test  line  circuit  is  used  for  testing  the 
supervisory  lunctioris  of  the  PABX  tnirik  circuits  arid 
iritcrfacc  equipment. 
HI5-  V     The  purpose  oMhc.cnd  otllcc  loop  around  tcsi  circuii  is 
to  ma  ice  circuit  stability  and  loop  around  (receive  .ind 
transmit  loss)  tests.     ^  * 
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651 


815  .4.    The  cpnnccior  access  number  bl  ihe  ribi^  and  baiance 
tcsi  line  circau  is  4]: 

815  -  5.  The  c^nd  bfncc  Ibbp  around  circuit  provides  1 
terminations:  (1)  10  seconds  of  _open  circuit  line 
termination,  with  I  second  of  QOO-ohm  2-microfarad  line 
^^'"•"ation;  (2)  10  seconds  of  ihori  circuit 
*f»:fn«MVipn;  and  (3)  900-6hm  r-rriicrofarad 
termination. 


line 
line 


During  release  of  the  noise  and  balance  test  line  circuit 
ON  contacts  _l_  and  2  provide  for  ihc  self-jriierrupted 
return  of  ihc_ro_tary  switch  lo  the  hbme  pbsition. 

wiring  option  wercAlsed  in  place  of  V  wiring  option 
the  iermination_vtbuld  he  4  mf  and  no  resistance. 
Tube  tcrmihals  7  arid  I  of  a  conducting  Tj  lubc  provide 
the  low  resistance  bridge  across  the  line  locut  off  ringirig 
>ri  the  connector.  

THcM  volts  superimposed  on  ihc  ririgirig  current  causes 
the  lube  TI  to  conduct. 

J**  *"'"'Won  provided  tp  ihe  connector  bv  the  reverse 
batier\>iesf^ne  circuit  duringseizare  is  2,000-bhms  arid  2 
mf. 

The  p.relay  operates  first  from  ground  on  the  C  wip^r  of 
the  connector: 

Dtjring  the  Sttrbnd  ringing  cycle  ihc  A  relav  reopcraics 
^'^^"1  *_P»»^  »o  relay  B.  Contacts  9  and  io  of  relav  B 
?  path  to  the  rotary  switch;  this  operates  but  does 
not  step. 

Ppniacts_2  and  3  of  relay  D  provide  the  grburid  to 
operate  the  rotary  switch  the  third  time. 
The  G  relay  operates  when  the  rotary  switch '^Scases  for 
the  third  time  and  steps  to  the  third  contact.  it_djfcpates 
^       ground  atjrontacis  2  and  _3_of  the  operated  rcla^ 
^^'^>_E  must  be  ojjeratcd  in  order  for  dial  tone  lb  bc^ 
rc^^rned  to  the_connector.  Relay  E  operates  wheri  relay  F 
»s_  operated  and  when  the  rbtarv  switch  releases  moving 
Its  wipers  to  contact  9: 

818 -l;  The  end  office  joop  around  lest  circuit  enables  the 
-^^TPyP^t  technician  to  make  oric-Way  arid  two:way 
iransTijssion  test  (Oil  each  access  line  without  the 
assistance  of  the  PABX  attendant.  ^ 

818-2.  The  line  termiriatibn  to  AUTOVON.  when  the  connector 
switches  through  to  terminal  1 .  is  900  ohm  5  microfarads 
switches  through  to  terminal  2  the  termination  is 

—  900  ohm  16  microfarads^ 

818  -  3.    During  a  stabihly  test,  the  TI  relay  rclea.ses  every  time 

that  the  rbiary  switch  TS  is  in  the  home  position  and  its  - 
ON  coritacts  3  and  4  are  not  made 


816  -  I: 

8)6:  2. 
816-  3. 

S)6.4. 

817  \  I. 

817 
817  -  3| 

817-4. 
817-5. 

817  -6 


819-  I. 

819  -  2. 
819  -  3. 


820  -  I. 


820  -  2. 
K2I  >  i. 

821  rl. 


Connector  terminal  No,  2  is  used  !0  establish  known  dB 
loss. 

The  LOOO-H7  test  tone  Ls  trarismitied  at  0  dB. 
Resistors  R5  through  R9  do  not  affect  the  I.OOO-H7  test 
lotie  when  the  dB  loss  is  being  established,  because  relav 
TI  contacts  4B  and  5B  are  open. 

During  the  Ibbp  arbiind  lest,  the  ring  of  terminals  j  and  2 
arc  conriected  by  contacis  5B  and  6B  and  5T  and  6T  of 
^^'^>  ^  '^^  contacts  5  and  6  of  rela\  LAC  Thttip  of 
^^rminajs  i  and  2  arc  connected  b>  contact^r'flr^hdClB  / 
and  2T  and  3T  of  relav  T I  and  carilacts  2  firid\l  of  rel^y^ — 
LAC  Terminal  I  mu.sl  be  acccs.scd  prior  toXcpminal  2  to  \ 
perform  the  loop  arburid  test. 

Rotafy  switch  TS  interrupter  contacts  l^and  2  provide 
*^''°""d  *^a*  allows  it  to  step  automatical!)  lo  the 
home  position 


821  -  3. 


The  VTVM:^ith  respect  to  AUTOVON  interface 
equipmcrit.  is  med  to  measure  decibels  and  voltage 

^""^rb|  signal  gencrai()r  is  used  primarih  to  check 
c^*P**hil«ty  of  interface  equipment  wuhoitt 
the  assistance  of  Al'l  OVON  switch  personnel 
The  clecironii  counter  is  used  lb  measure  frequencN 


821  -4.  The  signaling  test  set  Jias  a  meter  which  iclU  ybu  the 
^!P*^4  9^  Ih^  P^^^^^J^'n^rccvivcd  by  your  equipment  and 
3!. whMLPvT.ccniagc  of  make  and  break  the  pljInCs  allov 
>QU  to  adjust  bias  controh  of  the  SF  signaling  set: 

821  -5.  The.  CSG  allows  you  to  tcsl  your  trunks  iridial  and 
ODldial  capabilities  with  help  frbm  the  distant  end.  while 
Ihc  signaling  test  set  rcquii'es  people  at  both  ends 

821  -  6 .    The  audio  oscil lat or  prod uccs  Ihc  t ones  necessary  for 

testing  and  aligning  the  interface  equipment. 

822  -  1;    A  type  i:  bpcratibrial  check.  PMI  is  to  be  used  to  check 

°"*P"?.of^hc  DTMF  kev'set,  The  use  of  aneicrt 
counter  is  used  __t_o  check  _  the  period  of  specified 
combination5_  of  depressed  buttons  and  a  VTVM  to 
check  signal  output  level.  You  would  take  this  approach, 
since  no  other  posiltbh  is  Cbfnplairiirig  bf  a  sirriilar 
prbbleiti,  aridthic  DTMF  keyset  is  the  most  logical  source 
^hould  find  a  problem  in  the  keyset, 
^l^'^  yP"  should  perform  a  type  2  PMI  and  align  it  as 
.hecessary. 

822  -  2.    A  type  2_  PMI  (alignment  and  adjostmcnt)  must  be 

performed.  You  will  use  an  audib  bscillatbr  arid  a 
VT\'M:as  well  as  the  test  leadsahd  terminating  plugs,  as* 
butlincd  iri  the  tech  order.  This  is  the  oni>  logical 
approach  to  take. 

823  -  1.    To  adjust  the  precise  loiic- supply  you  will  jieed  an 

:<f  electronic  Cburiter  and  VTVM. 
823  -  2:^  DTMF  keyset. 
823  -  3.    SF  signaling  set. 


CHArtER  4 

Trunk  plant  and  distributibh  plarit. 
By  solid  lines;  whigjpfaa>  be jnierspcrsed  with  rectangles 
which  j[Cpr«ciSpanhbles.     v  }' 
U  rid  ergro  u  t\<K a  bl  cs  arc  those  instijieyd  through  conduits, 
juried  ca  bics  a  rr,j) ja  nic d  d i rect  I  \ Aint  o  t  he  gro u  nd 
Aenai  cabies  arc  represented  by  solid  lines:  buried  cable 
is  represented  hy  broken  lines: 

01  tb  99. 

feeder,  n  plus  a  2-digit  suffix. 

Cable  pairs  designation.       _  - 
By  thc  lctter  T  and  the  building^  number. 
They  are  marked  on  the  rnap  "TELCQ,'' 

^f"'^^'"'4MClance  and  shuni  capacitance. 
Size  of  the  wires  and  cenier-to-<:enter  distance  between 
the  wires. 

Shunt  conductance  or  leakage: 
Resistance  arid  scries  inductance.  ? 
Maxim  urn  pbwer  transfer  occurs  when  the  imped  ance  of 
the  receiver,  source,  and  the  line  arc  all  matched. 
.L"^_^'"g  coils  are  added  to  transmission  lines  lo  increase 
scr[es  inductance  of  the  line.  This,  in  turn,  rediicts  both 
attenuation  and  freqUenc\  distortion: 

27  -  I.  Hum. 

Imipulse 

827  ^3  Crc«stalk,   ( 

827  -  4.  Noise  to  ground  j 

827  -  5.  Crosstalk. 

827  -.6.  NVhiie  and  irripulse  noise, 

827  -  7:  By  using  shielded  cross  connects 


824  •  I . 
824  -  2. 

824  -  3: 
854  :  4. 

825  -  ]. 
825  -  2. 
825  -  3. 
825  -  4. 

825  -  5. 

826  -  I. 
826  :  2. 

826  -  3. 
826  -  4. 
826  -  5: 

826  -  6. 


828  -  1.  None, 

828  -  2  F  requenc\ 

82H  -  3.  None 

828  -  4:  Frequencv  and  phase 

H2K  -  5  Reduced 
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ERIC 


7 


S29  -  1 
829  -  2 
S29  -  3 
S29  -  4. 
829  .  5 
829  -  6 
829  -  7 


830  : 
830 


830 
830 


CHAPTER  5 

AN  PSM  2A: 

Idle  channel  noise  test. 

Station  ground  resistance  lesi. 

impulse  noise  lesi. 

Frcq  u  c.nc  >  res  p  Q  ri!>e  i  es  i . 

DC  loop  resistance..  . 

HP236A  arid  HP3555B. 


830  -  l:    Cable  map: 
2.4.,' 

3.  Idle  channel  noise  test,  impulse  noise  iesi.  tind  frequency 
response  ijrs I.    ^ 

4.  Cable  number  and  pair  number. 

5.  When  different  gauge  cable  is  spliced  into  cable  paired 
bcirig  tested: 

831  -  I.    Operator  E  handcrank  generator. 


831  -  2 
831  -  3 
S3 1  -  4 
831  -  5 
831  -  6 


831 
831 
831 
831 


Short  together. 
Discharged. 
i5  minutes. 
50  dBrn. 
ohm. 

Pjust  range  s\«ri(c"H--airitiI  tHe>  do: 
Test  oscillator  HP  236A. 
Grounding  electrode  or  elation  ground. 


10.-  C^dBrn 


831  -  II; 

832  -  I 
832  -  2 
832  -  3 
832  -  4 
832  -  5 
832  -6 
832  -  7 


dBrn 
Hi  8  dBrn 
If  cable  i! 


ded  of  riontoadcd. 


Good. 
Good. ' 

y:es.;lcss  than  90  hits. 
15  Hi  hits.  15  miriutcs  ai  *^2-d&fnc: 
Noise  level  is  greater  thah  40  dBrnc. 
10  percent;  20  percent. 

5. 
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SUPPLEMENTARY  MATERIAL^ 


CDC  362J51 

Telephone  Switching  Equipment 
Repairman 


(AFSC  36251) 


Volume  ^ 


\  Fbldbuts  1,  4  tbrdugh  10 

(Foldbtits  2  and  3  are  separate  enclosures) 


AO  fiAFS.   AC  (vjai  047  )<  100 


ERIC 


Extension  Course  Institute 

Air  University 


/ 


4  W 

LINE 

TRANS 


VIA  TRANSMISSION 
FACILITIES  to 
AUTOVON  SWITCH 


IS/  VX-- 

L  t  Tq 


PBX  CENTRAL 
OFFICE  EQUIPMENT 
AND  SUBSCRIBERS 


riOISE  AND 
BALANCE 
^  TEST 
LINE  CIRCUIT 
H83195 


41(n6tE  3) 


REVERSE 
BATT  ERY 
TEST 
LINE  CIRCUIT 
'  H610036 


END  

♦OFFICE  LOOP 

AROUN  D 
TEST  CIRCUIT 

H83243 


21.22 


leaodps  iMw 

TEST  TONE 
GENERATOR 


VF  LINE 
AMPLIFIER 


4.  W 
AMP 


L^^  


D  L 


SF 

SKSNALING 
SET 


CONN 


LOCAL 

PBX 

SUBStf 


LOC 

1S_T 
SEL 


SATELLITE 
PBX  EQUIP 
AND  SUBS 


SAT 
PBX  ^ 
THRU 
SEL 

FaldDa"t  lo.. 


V 


4  W 

HYB 

-    two  WIRE 
FOUR-WIRE 



2  W  _ 

TERMINATING 

"TV  vr  — 

0^  

UNIT 

|X  Tq 

_  T  R.£ 

(NOTE  2) 

^  - 

t.R.C 


TWO  WAY  PABX 
INTERIFAGE  JH^K 
CIRCUIT  H75650A^ 


Foidoaf  Ik. 


:RJC 


^56 

-J 


PTMF 
KEY  SET 
EQUIPMENT 


NOTES 


PRECISE 
TONE  SUPPLY 
H886957-1 


JZ.*DENOTES  DIGIT  CANCEL  ON  LEVEL  ONE  AND 
RELEASE  OF  SELECTOR  ON  "O"  LEVEL  WHEN 
DIALING  XXX-nib  FOR  OPERATOR  ASSISTANCE 


-  o  TEST  JACK  AjSSEMBLY 
jj^        WIRED  AS  BELOW 


LINE 


DROP 


1  ^ 

i  1 

LINE 


DROP, 


3.  DENOTES  LAST  TWO  DIGITS  OF  CONN  ACCESS 
NUMBER  FOR  SPECIAL  TEST  CIRCUITS 


.    HANDOUT  1 
3ABR36231-XV 


AUTOVON  INTERFACE  EQUIPNBENT 


Foldout  /CALTOVON  Interface  equipment. 


pa- 2.. 


4^ 


CIUS 


:£L 


\hm  MO 


■A 


-4^ 


CM  34 


QPI       ^  -  W      P3S    -  Pj 


4a 


AUtOittTIC      D.CCTRIC  COMPAmT   


Folddut  2.  Two-wa>  PABX  intertice  ii^pk  circuit. 
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ERIC 


\ 


ERIC 


FJS.2* 


.  ) 


FIG.  6A 

MO  CQNIHOI.  CMCUir 
irSKC  A) 


W  •  IQCimCNT  L£A\CS  THE  lACTOflY  VllHCU 

roi -W4Qim  orricc  iN  ioooNHorrici:  : 
Aiiovkimm;  o  . 

NOKlPtrnfc  AMU  (ATTCNOANT  HAMOLUt  ALL 
tjlUmUEJ)  CALLS).  IN  FlOUiU:  lA  MlE^dVi. 
WaONC  "IT' 

ri  •  If  j|.4W0-A^  g  U^iD  Witli^UiPtiltNT-NOT 
MADS  IN  THJl  UNJTtO  STATE*  Of  AJUIJIIC A, . 
YOU  UAV  MAVC  TO  RISIOVI  ALL  4  STRAPS— 

ui.  ua:  ts:  ann  U4 

rt  •  ^HKN  rjCUMl  lA  IS  IQUIPPIU  =birF  INCQMINO 
SSI^CKStaiiOT  (SCISi    IN  TIGQHC-IA  _ 
AmOVi  STMPS   B'^  AND  APO  STRAPS   A  . 
UMCONNKCt  ANDMVLATC  THV  WW  AT 
IIKCA¥  PU  JPHHG  4».  AND  THE  WlRr  AT 
tlXLAY  INS  SPRINC  r    IN  FIGURE  3A^ 
GMKONNECt  AND4MUlJtTi;-THE  «lflE-At 
mXaX  ViK  'JN  ;  COIL^  TERMINAL.  AND  THE 
mX  AT  RELA\  DC  SPRWG  6 


«0BN_Kr 7»«0tA  JS X AB LEU  PIREC TL YlTO 
NEARBY  N-aS042S-A  OR  EQUIVALENT  WITH- 

ovtiMsmiL  OMsicaiAi^ciRcmT  removl 

«iRJNgS  'C  *-  *N"  AND  ADO  W  miNG_  O" 
THE  GROUND  POTENTIAL  UtFPCRCNCE 
BETHKiN  CI^ITS  MOST  DC  NEGLIGIBLE. 


SI  •  WHCN  REPkATmG  COIL  PER  FIGURE  RC 
GlRC  LTT^-IMBt  OR^CQUtVALCNT  IS 
SPECiriED  OSUT  STLBBINGS  F  It 
AND  ADD  VIIRING  "AC 


1L  *  *  , 

 *^r^   '     T  a»  


AANUFAj;: Turing  notl^: 


CONTACTS  "  X  "  MAKk'  KIHiiT 

t  ^  ISSUES  I -II.  ALL  UlOUtS  AERK  FD'IO20-DF 

ISSUES  12  6  LATEa  ALi4.  OlObeS  NOT  OTHER- 
*     ABE  SPECIFIED  ARE  FD-IOIS-DO 

I  -     STRAPT^A* .- 

tflDED  TO  OBTAIN  J^EO^UUitD  PE  RC  ENT 
BREAIC  ADP  OR^UT  STRAPS  AA  *.  Ai*- 
^AC  %  OR  ^^AD^ AS  REQUIRED.    E AC H  3000 
A  OMIAS^ATFECTS  TKE_PrRCENT  BREAK 
^^^APPROXStATELY  . 

I  -     FACTOUt  CONNECTS  STRAPS  'Ur  .  W*. 
*U3'*.  '  Wr  aMl  "IT*  (NOTE  78). 


i  -     rACTORY  OMiTS  WqUNG  •C" 

i  -  >A^tailrY%coNNECTs  strap  p**  unless 

FICURJT  SA  IS  SPECtriED. 


-     fACTORY  OMITS  STRAP  "X"  IF  FIGURE  SA 

IS  spEcirisp. 

I  -     Di*ORDERINCJUGUR£  2^&A  _0NLy 

THE  FOLLOWUNG  DIODES  XPEJ-OCATED 
ON^TERMNAL  BOARD  AS^^ 
D-34532-AlCHI  TOCR24  IN  POBfTlOIS 
'  I  TO  24:  CR41  to  CR45  IN  POSTTIONS 
25  TO  29;  AND  CR5I  IS  IN  POSITION  30 


OHOCN  *|  _H-SM?2_f  >0  SSA 
PRIC1DCI4CC  


TMf»U 


— e 

pi 

— $ 

TO  - 
FIGS 
1A 

OR  SA 


tiMU 

(nc«MS 

PADS 


O 

nc  SA 


>N  >\cy  «*tCN  nc  SA 


Tn»*S-NOT 

1  m 


MAINI7NANCE  AND  OPERATION  NOTES: 

90  -'^^EZJK^I-PT  ANUJSJBAI^L^E  ADklUSTED 
IN  TtfCJFICLD  TO  HAVE  THEPOLLCHVING 
■  ■LEASE  WttRVAl-S.    RELAY  Pt-2id 

HmMCONCg-HDtngoa  imcAn  tke. 

RSLAyjni-24p_MILL|SSCONOS  -  20  MS 
RELEASE  TIME.  ^ 

n  -  wmi 'SBiPLira^' cordCI^uix 

USUALLY  ATTTHDANT^AR^IAI^bR 
TOOCH-CAIX  T^lllO  *!TRUMIt!'_{REAR)  _ 
PLUG  (ONLY).  AND  IT  "TKUNr^  (REAR) 

pLuq  is  ^sed^  fioure  jn'^ 

-:TyBIIIMATIHa/3R  TMBU^iACk^ 
ATTEMOANT  NEED  NOT  USE  "DIAI."  JAClC^ 

WJlEM_8niH<7£KD  C0R&  CJRCUrr'S  _  _ 
•.TaOWK"  (REAR)  PLUG  HAS  8EBN_l'S<I) 

f^ANnVBRCALiXitJfO'^ATIOli'-  

V-  XY'RONTLK.UGMUrr^  USBDCHTJGURE 
JIO  'TERMINATING  OR  THRU"  JACK. 
ATTEllDAljT  DIAI^  OR  T00CH^CXX.L5 
TilR^lLANOTHER  COIID  CDlCUms, "TRUNK" 
(REAR)  PLUG  IN  FIGURE  JK3  *'OIAI.  *  JACK: 


ENGINCFKINr.  NOTKS: 

il  -   ENGINE EK^ A LL  SPKOW  FJiiu 

PER  TABLES  A  AN  i|  B  /SEE  FICUR?:  4A 
AND  AB  FOR  TYPICAL  CIRCUIT  LAYOUT. 


irXmHnAHT-HAS  ANSWERED  ll^75jJ»-A_ 
WITH  SaiPUEIEDCORD  CWCWT'S  rTHUNK" 

lb  CALL^rTO  RE  EXTENDED 
iJHK  r>ACK]NG_DIAL  JACK- 
'XHANGE  CORDS"  BECAUSE 

rdtt  'TRtjiuc';  (rear)  cord. 


Dp  NOT  CONNECT  TEST  LAMP  OR  TEST 
RECEIVER  TatERMINAL  T-Or  T-ISERS 
TI  AND  T3  .  AS  THE  LOW  RESBTANCE 
OF  TEST  LAMP  OR  TEST  RECEIVER 
WILL  INTERNALLY  DAMAGE  TniER 


flGU8E_lA_NORMA_LLY  WIRED  WITH  C 
STRAP  FOR  USrOF  THIS  CIHCiJit  WITH 
LENKURT  C ARRIS R  TY^E  4i  QK  KQCJrVA- 
LENT.  OR  ex.  DX  .SIGNALING  FACILITIES. 
ENCINEI^ SHALL  IN.STRUCT  THE  INSTALf.FR 
TOCiJT  "C"  STJtAP  AND  AX>D  :D'V8TRAJP 
WHEN  THIS  CIRCUIT  IS  USED  WITH  I.ENKURT 
CARRIER  TYPE  53  OR  FOinV/LENT; 

M  -    FIGURE  lA  NORMALLY  WlRF.b  WTTH  "Y" 
STRAPS.  -  iENCJNK>4*.SHALL 
THE  iWSTALLE  a  J-O  C  UT  _'  LY  _'  _STRA  P 
WHEN  USEb  W  ITH  FIGURES  4A  0«-5A 

54  -    FIOQRE  lAJNORMALLi  WiREO  WITH  'X" 
STRAP.    ENGINEF.R  SHALL  rKSTRUC^T 
-  THE  WSTAiLER  TO  CUT  "X- 
WilEN  USE_0_WJTH  >■  IGI J  RES  3  A .  4A .  5A . 
;    OR  7A.    (SEF-'NOTIE  V 

55-   FIGURE.  LA:  NORMALLA  WIRED  WITH 

•  W"  STRAPS.  ENGINEER  SHALL  'NSTRUCT 
tHiUNSTAjXER  TO  CUT  "W "  STRAP  wiiEN 

usEDwrrh  jigiire  7a.:  1 

5b  -  *4lEHlNC0MJHCSELECTOa  B.NOT^  ^ 
PROVipEJX  ENGINEEK  SHALL  INSTRUCT 
•    INSTAij;ER  TO  CONNECT   NS"  WIRING 
.  IN  riGURES  lA  ANDSA.  4A  OR  SA. 

57  -   FlGUiW  4A^NORMALX^VAV  "S" 
AND  ::T'  STRAPS^.  ENGINEER  SHALL 
OiSTRUCT  THE  INSTALLER  TO  CUT   T*      -  ^ 
»TRA>ViND4aiOtjSO  jCDl  wHJi^l  CO«D 
Cm(.UITJI*73L4UQREQUlVAL£NT_IS    _  ; 
USEOL  IFW STATION  THRjU-CORD  DIALXNG  . 

'  is  REQii  iusa  dirj  s  j^^ 

S«  -  ElOURE  2A  NOraUOXY  WIRED  WZTR  PR" 
STRAPS  AS^SHOMN  ON_AL^  NID  AND  PNID 

•J  #Lls.  iTian'^GiTv^twAYS^sTEPs  swrfcH 

.    RSJ -tO  RARX  CAI^L'S  PRIORITy  (IF  ANY^. 
ON_ INCOMING  PRIORITY  CALLS  TO  A  CALLED 
STATION  THAT  IS  BUSY  OR  DOES^NOT  ANSWER 
(WJTHIN  12  TOISlSECQNDBL  THE  CAU^  IS 
DIVERTED  TO  PRECEDENCE  ATTENDANT. 

59  '  I'ICCRE  IA-NQRMALi.Y  WIRED  WITH.  'BS' 

STRAP_  FOR  BATTERY  SEARCHJNG  SELECTOR 
^        ACCESS.   ENGINEER  SHAUr^lSTRUCT  TilE 
INSTALLER  TO  CUT  "aS"  STRAE  WJIEN  THIS 
'    CIRCUITIS  ACCESSED  BY  ABSENCE  OF 
GROUND  SEARCHING  SELECTORS. 

FIGURES  34.^^.  AND^SA  NORMALLY  WIRED 
W4tH  AU  l^fe  F^OM  EICURES  JKl  fc  JK2  - 
TERMINATECCSON  TERMINAL  Ll ./ENGINEER 
SHALL  INSTRUCT  THE  INSTALLER  TO  W.IRE 
Aici^LEAD  FROM  TlGURt  7A^»  TEiRMIKAL  Ll . 
WHEN  ANSWER  OF  RECALL^CNAL  IS  TO/ 
APPEAR  AT  RECALL  P06ITI&N. 


4 


61  -   FIGURE  lA  NORMALLY  WlREJi  WJTH  .YV 

STRAP  ENGINEER  SHALL  INSTRUCT  ^ "  ^ 
INSTALLEk  to  CUT  "YY  'STRAP  WHEN  CSED 
WITH  FIGURE  5A. 
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FIO.AA 

All  mtriM(tt(0r 


:  y 

 , — 

gi  CUI.IKTOA 

g}  PAU 

•  ■■•■t 
g}  iHtrrtH 

g)  cniucrini 

P(SJ 

jiwcibs  gr      ANHibii  t 

 -  ■  ■ 

Jl'SrT«S<in«XH:tAStMN()M.  2s  ' 

— i- 

-lU 

1  i< 

NOTCl 

•■■       «jns  ' 

I  iiii{iiiiJMt««iiiiic._.^ - 
•4*uuii  iiMHi  Kiiifru'ui»,  ' 


v 


IIMf*(NlW  mil 


m  \*m^   ' 


W*  NifHOli  MHNfir  M  il  M-M  H^m 
t-«^->(ttrii^U«rtll  W-trtKllMI 

jiiniM|lftltt»-U<«llr  ■tNM). 

MTm  tiKrirciiiiit-«rKMK«-n  ■ 
lum  MM  4M  IN  mm nMtm 
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»4N  MM  mwm  «M  imut  ii 

»«UM  imuttt  Ml  HKM,  If  II 
MCMMII  Ml  M  MtMl  IMl  M  Ml 

ii«i  M  4t  ti  M  uii  iW'imrtiiiii 


-  -  -        -  - 

AW 

KM 

IS 

I- 

11! 

HI, 

_  iulV«nrM(rinti,MiuiiiMi 

,  Jti%1Ci*'^   - 

i  i«  kiM  men  m  m.  uiu  im_m  uiiii 

10  M  Mllltfl  MftK  (IKVII  WMI K  H 
1(1)  KM  CMS  UIU. 

»  (nMi«  !  

ML     ....  1/  ■ 

IHJ.  1  ii|lM«M 


(■MUM  a«r||f-(MU  INI  M|kMTj{ilffll«^ 


iikm  i  DTMF  Hep;  xlitnulic  iUiiraii: 
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Futdoul  5.  Adiiptor  fur  AUTOVON  Uuiik  circuil. 

9 


m 


Z 1  PIN  8              1  ' 

3.2K 

Z  i  PLN  8 

12K 

09  BASE 

8.6K 

Q9  COLL£CTOR  . 

4.7K 

QlO  BASE 

QIO  CbLLECtOR 

2.2k 

QIO  EMITTER 

o:aK 

Qil  BASE 

2.6k 

01 1  COLLECTOR 

r.3K 

Z I  PIN  11  ^ 

0.6SK 

Z 1  ,PIN  4      ~    •  >' 

laK 

JUNCtWN  iwi^AND  C13 

1.6K 

AT 


'If: 


Foldout  ba. 


VOLTAGE  AND  RCSOTANCC  CHART.  VF^OSC  UNIT 




VOLTS  DC 

I 

REflDTANCS 

N  At  CNa- 

jlOPEli- 

N-OPEN 

tcft  poorr 

(OHHS) 

ATLCKp  

_ll  AT  -At  VdC 

_  H  AT  CND 

M_A_TL-48  VDC 

Ql  EMltttlt 

1.  7SK 

•J.  96 

•3.0 

•3,0 

•  30 

Ql  BA^E  ^ 

•3.  2 

-3:3 

-3.2 

•  3:2 

1.  75K 

-17.  0 

-17.2 

-17.6 

-17.  2 

Q2  EiUrfCR 

3SK 

0  0 

•43.0 

P.o 

-43.0 

Q2  BA8C 

22K 

0.0 

-37:5 

o:  0^ 

.  -37.5 

Q2  COLLECTOR 

27K 

-15.5 

•  37.  1 

•  is.s 

-37.  1 

7.5K 

-4S.  0 

•46.0  ^ 

•46.6 

03  BASE 

8.  SIC 

-45.5 

-45. 5 

*  -46.0 

-46.0 

03  COLLECTOR 

50K 

-4«.0 

-46. 6  / 

b.o 

•4s:  8 

jQ4  EiOTTER    ^  , 

-0.  OS 

-0.  66 

^         -0. 70 

-6.  70 

0«  i^E 

•  2.7k 

•0.08 

•o:oa^^ 

;  .... 

-1. 1 

<j(  COLLECTOR 

-46.  6 

-46.ir^w 

-0.96 

-O:  96 

r(CW)  2.4K 

OS  EMITTER 

-3.3 

-3.3 

-3:3 

UCCW)  2:(SK 

r(CW}  12IC 

OS  BASE 

-3.4 

-3.4 

-3.  4 

I  (CWW)  3K 

OS  COLLECTOR 

MC*)  2.5K 

-16.7  . 

■Ik., 

-16.7 

-16.7 

1(CCW)  2.  Ok 

.' 

l.SK 

-17.3 

-n.s : 

-17.3 

-17.3 

MOW)  2.  5K 

-16.7 

.  •16.7 

-18:7 

^^I^^^^CTOR  . 

l(CCW)  2.  Ok 
0.2k 

-3.3 

•3.3  ^ 

JtmCTlON  la  AND  R9 

ISK  • 

-15.5 

-15.5 

-17.9 

PIN  8 

i.:75k 

-17.3 

-17.3- 

-17.3 

-17.3 

NOTEfl 

ALL  MEASUREMENTS  TAKEN  WTTH  RESPECT  TO  GROUND  UfPD 

(CW)  AND  «fcW)  INDICaMImaT  MEASUREMENT  IS  TAKEN  WITH  RCV  LEVEL  CONTROL  R24  * 
^  ROTATED  FULLY  CLOCSNfeOR  COUNTERCLOCKWISE.  RESPECTIVELY 


VUI  TAU  AND  HitlHANCC  CHAHT 


RilliTANCi: 

VOLTS  l)C 
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i^l'OlllCruH 

T  0 

-HOO 

1  ) 

< 

1  4 

UlM) 

no 

II  1 

1100 

n't  uMi 

II  4 

IIOQ 

gMMUTIH 

111 

ituo 

l>  UA^I 

)  1 

100 

gb  IMlUtH 

1  1 

M 

10 

I'  Al  l  MKA:iUMlMt.NTSTAKI  N  WITH  Rk^l^tCT  TO  CHOUNU (Tfl) 
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1 

CINE  AMP 


mil: 

*  C[N(«*t  : 

I  '  [)J  INO^CAUS  iN^TALtCH  CMCTlOh  ON 

-  MM  or  ikiom 
Z-0iNQiCti[s  Plug  indnaw[n  COtnAcnoN 

)•  wni  TCRU  S(Y  dfl  Wht  i\H[  AMP 

I- AIL  JACKS: 

nzfct: 


m  vi(i 
ajfuMsct  

'  ■  IPtJ.  L(«  .UWWAlfOhJMl. OPTION 

CON5i5TS_Of,  «^CMn»ll 
•  •KMUT)  )HOWM  ,NOM  OPCRAUD 
S^mn  ikliU  TERMINATION  (ItT) 
IS  NOT  SULLIED,  Ml!  iS  N«(0 

AS  imik  II  66tt(o  iiNC 
4  NiTH.iod^  i|.«tiii[.iiimAi  rim? 

Mi  )f20A     IS  too  A 


^        7^  Vf  Um  inpUflfr  ind  tw(hwir(/)our'wlrc  t(rinini(ltt|  unil,  KhmKk 
dliinm. 


ill 


ttfii-l'ii-i 
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Foldou<  i.  Niiiw  ind  biliricf  M  lirie  circuil. 


A  - 
(AC) 


E  i  6.  i    ^^^^  MOUMTtb  I  MOTt  14  ) 

F  I  G.  2  MbONTtb  (MOtt  14) 

C  F  i  -TH- 

^  (  tNO.  CO»U) 


At 


'XT'^dTUi) 
'urCNOTtst) 


It 


(Ml   UOW  TO  O^EMTI  . 

tsia  itow  IB  Miuu  _  _  „   ii: 

♦     JACK  M  UHi  T  KOCH  TCMIHM.  

JACK  OH  UNIT  TEHNIMI  lt«CR  TENNIMMffOMaH) 


EMSIMCEfllMS  MTESi 

ii-oitit  $±iu^-ii?-To  Miiv        iiBTii  itaut  or 
m  rusNci. 

S|-MI^EIIVlSOItT  ll6MAif_4'rtft  mO  RIMCS  HAM  NlH 

UctmtMt  «f  roCioMt 
I  ^  atf-t»eo9i-.t-i/4  lie. 
J  .  on  M00«  -f/t  «e.  »- 
)  -*orr  NOOK  -  11/2  uc. 
4  .  tio       .  3  rutiHi 

I  •  M  HQQft_<.:  lie.   --  " 

«  s  orr-HooK-.-V4/t  ue  

7  •  r  iiCt^  o«  Moon  1  1/7  lie.  orr  NOOK 
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STOP-  ^        EXERCISE  NU?^. 

BER. 


1.  MATCH  ANSWER  2.  USE  NUMBER  2 

SHEET  TO  THIS  PENCit  ONtY. 


36251  05  22 

EXTENSION  COUT^SE  LNSTITUIE 
^         VOLUME  REVIEW  EXERCISE 


AUTOyONMNTERFACE  EQUIPMENT  AND  BASE  WIRE  SYSTEM 
Carefully  read  the  fdUowing:  -^^ 

D&S:  f 

1.  Check  the  *^cQiuse,**  *Nbiimie^  and  "Tbra**  numbm^  from  the  anii^r  sh<^ 
addreai  tab  apinst  the  i^VR^  answer  sheet  identification  titmbcr^  in*^the 
ngfathaiul  columi  of^e  shipping  tisc  If  nmnbers  xio  notjnatdi,  ^te  action  to 
return  the  answer  sheet  and  tHe  shipping  list  to  ECI  immediately  ^th  a  note  of 
explanatibn. 

2.  Note  that  item  numbers  on  answer  sheet  are^quehtiai  in  eftch  column. 

3.  Use  a  Tnf^i^m  sharp  ff2  black  lead  pencil  fd^(^^king  answer  sheet. 

4.  Write  the  corrett  answerJn  the  margin  at  the  left  o^&e  item:  (When  you  review 
for  the  course  examihati^  you  cover  your  ans^^n  with  a  strip  of  paper  and 
y^«i^ll»*k  your  review  an^^      against  your  ori^al  choi<».)  i^oer  yo^a|tfe^s 

of  your  answers,  transfer  them  to  the  answer  jheet.  !f  you  have  to  change  an 
answer  on  the  answer  sheet,  be  sure 'that  the  Erasure  is  cothp^g..  Um  clean 
eraser.  But  try  to  avoi^raa^Mttasure  on  th^  ariswer  shee^  if  afla  possible. 

'  5.  Take  action  to  rtturn 'entire  answer  sheet  to  *ECI. " 

,  -   -  ^  -  , 

6.  Kc«p  Volume  Review  Exerase  booklet:  for  F^eW  and  refeivhce. 

5     _  __  _  _     j  _  .  -__        —  -   

7:  if  msn^^on/^nroHedjtudent.  proc»s  questions  or jES&menu  through  your 

V  uxut  trainer  or  OJT  supcm  ^ 

^  U  Sfoimiariiy  enrolled  student,  send  qiieftions  or  cQjB|^ei£ts  to  ECI  on  E<^  Form 

^-  ^^^^I  J^  answer  sheets  other  than  one  fuxtushed^spwHcaily  for  <ach  review 
exercise.  ^    >  -    ^  -V 

^onVma^  on  thc  inswer  fecet  except  to  {111  in markiiig  blocks,  boublq.  marks 
.  or  exceaive  mariongs  which  overflow  marking  block^  wili  register  as  errors. 

3.   Don't  fold,  spindle,  staple,  ape,  or  mutilate  the  aniti^  sh^ 

A,    Obh't  use  ink  or  any  mtfkihg  other  than  a  ^  blacik  kid  penciL 

SOTE:  SUMS ERED  tJEARNINS  OUECTIVE  REFERENCES  ARE  USED  ON 

THE  %^OLUME  REVIEW  EXERCISE.  In  pai«ti|ais  aftw  «^  . 
\  number  on  the ^VRE  is  tte  Lgaming  Objeexive  Nwrsber  where  the  answer  to 
that  item  can^  located^  Whra  answering  the  items  oh  the  VRE,  r^erto  the 
I^fftrojf  O^^^w^  lndi^^  ' 
sem  to  you  postcard  which  will  Ust  the  actual  VRE  items  you  missed 
Go  to  the  yRE  booklet *ahd  locate  the  I^jommf  (y>jectfve  .Vi^^wfor  the 
itetos  milled.  6o  to  the  text  and  s^fuUy  review  the  covered  by  x!^a€ 
rcferm^.  Rc^ew  the  entire  VRE  again  t^ore  you  take  the  dbscxi-bbbk 
Coiirse  Examination. 


>       Multiple  Choice 

(add)  What  services  are  available  to  automatic  voice  network  (AUTOVON) 
subscribers?  •  ' 


a.  Four-wire,  data  transmission,  and  of f -hook . 

b.  Data  transmission^  off-hook^  and  conferences; 

c. ^  Off -hook,  conferences*  an^  four-wire . 

d.  Cohfcrehces,^-^bur-wire,  arid  data  transmission. 

2.  (800)    A  dual-tone  multifrequehcy  (DTMF)  oscillator  provides  ^ 

a.  a  2B00-HZ  tone  to  mark  trunks  S-dle. 

b.  the  precise  tone  for.  preemption. 

c.  the  tones  for  network  ihWard  dialing  (NID).  -  '  ' 

d.  four  low-frequency  and  four  high-frequertcy  tones. 

:_  __  -S- 

3.  (80^    The  purpose  of  the  interface  equipment  and  related  circuits  is^to 

iritercbhhect 

  J  i- 

a.  '  AUTOVON  circuits  with  PABX  circuits.  ) 

b.  .AUTOydN  equipment  with  the  networks 

c.  CONUS  circuits  with  overseas  networks*; 

:d.     AUTbVON  ringing  current  to  PBX  telephones. 


U.;    (802)    When  the  handset  of  an  AUTOVON  i+-wire  telephone  is  lifted  (bff-hdok),  the 

_'  ____  .!  > 

a.  M-lead-is*+8  volts  positive.  ,  E-lead  has  a  negative  potential. 

b.  E-  and  M-lead  are  both  positive.  d./  M-lead-  has  a  negative  potential. 

>             _-_   1     _  _  _    J       _  ■  :  - 

'5.     (802)*  With  the  handset  of  the  four-wire  telephone* in  the  cradle,  what  potential 

marks  the  PABX  basic,  trunk  cirfcuit  idle  to  the  single  frequency  (SF)  signaling 
set? 

^  -----     -  t 

a.  Battery  on  E-lead.      ^        V  e.     Ground_  on  M-lead. 

b.  Ground 'on  E-lead.     .  •       ^  '  d.     Battery  on  M-lei4. 


6.  (802)     In  the  on- hook  condition,  the  SF  signaiing  unit 

a.  places  ground  on  the  M-fe«d. 

b .  places  battery  on  the  M-lead .   

c.  sends  2600  Hz  to  the  AUTOVQN  switch.  '  .  ' 

d.  sends  26 dO  Hz  to  the  basic  \ruhk  circuijt. 

7.  (803)  ^Refer  to  foldbut  3.     Figure  2A  is  nbrmally  wired  with  the  basic  truiik 
*    circuit  so  that  the  CONUS  AUTOVON  can  be  used  to  complete 


a.  SWBD/precedence  putgoihg  calls. 

b.  PNiD  calls, 
•c.  NOD  calls, 
d.  NID  calls. 


(803)  Refer  tb  fbldout  2.  When 'the. calling  PABX  subscriber  is  dialing  on  an 
AUTOVON  NOD  calls'    ^  ; 

a.  relay  C  follows  the  dial  pulses.     ^    _     ;     i_i  -  r 

b.  the  answer  lamp  on  JK2  flashes  with  th^puises". 

c.  relays_Bi  ON^  and  C  remain  operated  during  pulsing^ 

d.  relay  E  sends  the  ni^erical  information  to  the  signal  circuits. 


.  N        ...   ,_  _„_.J.   : 

g:     (804)    The  seizure  of  the  incoming  selector  on  a  network  inward  dialing  (NID; 

caii  is  completed  by  the  operation  of 

a.  ;   relay  IN.  c.     relay  DE.  y 

■      br^  relay  E.  ^  d.     relay  C.  / 

10.  (SOU)    What  .prevents  the  firs_t::digit:: received  from  AUTOVON  from  stepping _ 
the  incoming  selector  dh  ah  NID  call?  '         C5  ' 

'         a.     E  contacts  6  and  7.    .  -  c .     DE  contacts  5  and  6. 

b.  ES  contacts  2  aftd  3.  i    '  d .     IN  ccntact?«s  Ut^  and  5T. 

 _:     ■    .    .       .  ....    ._.   .    .   _ 

11.  (8bu)     If  rotary  switch  access  is  used  for  the  basic  trunk  circuit,  the  circuit 

is  marked  busy  by  ^  , 

a;    a  ground  on  C-lead.  ^       c.     the  absence  of  a  ground  on  C-lead. 

b.     a  gi^und  on  HU-iead,  ■      ^'  absence  of  a  ground  oh  Hu-lead. 

12.  (sou)    Refer  to  foldout  2.     During  an  >itaD  call  the  wink-start  signals, on  the 
M-lead  is  controlled^-     ^  ^  >.  .  ■ 

{  :     a.     A  cbnt^cts  5,  and  6.  c.     DE  con^tacts  5  and  6. 

/  *       b.     WK  contacts  3  and-U.'  d.     SD  contacts  12 'and  13 .  • 

.  •     -  ■  *  ' 

13.  (SOU)     Refer  to  foldout   3,   figure  2A .     Th^  first  digit  on  an  NID  call  wil^l  > 
pulse       ^  *  _  ;  '  >i 

■  ^  ■      a.     relay  A.  c.     incoming  selector  mechanism, 

b.     relay  i3.      ^/  d.     rotary  swit^  RSI. 

m.     (804)     Refer  to  foldout   3.     The  first  relay  to  operate  bh  ah  NID  call  is  > 

a.     relay.  A.    ^  ^  c.     ^ej.ay  IN: 

.  b.     relay  E.    '  d.     relay  JNP. 

15.  (80^)    Ref^  to  foldout  3.     The  relay  that  pulses  the  incoming  selector  on  an 

call  is 

a.  relay  , IN.  .  •    c^     relay' DE.  y  - 

b.  relay  ES.  d.     relay  E.  . 

16.  J8'^5i^                   called  party  answers  an  NID  call,  relay  SP  in  the  triXik  circuit' 
operates  from 

a.  the  operation  of  Cj..  c.     the  "called  par-^ _hang_iSg  up. 

b.  the  operation  of  INl  .        d.  reve^ps^  battery  frdin '^he  cbhhectdr: 

17.  ^  (804)    When  the  called  station  answers  ah  NID  call,  which  relay  operation  ^ 

completes  a  circuit  to  the  distant  end  equipigfient?      .  ;  ' 


a.  'Relay  E^  /,  *       c-'    Relay  ESS. 

b:  ^  Relay  SP.:  ^  ^     d.     Relay  SPS: 


18:     (805)    Using  foldouts  2  and  3,  what  causes  the  incoming  selector  to  step  in 
response  to  the  first  incoming  digit?        >  '  ' 

a.  Contacts  5  and  7        relay  E  are  shorted.,^  - 

b.  Contacts  6  and  7  of  ^elay  Eiare  dirty.  :  :       . .  j  ^        ;  )  '  _ 
-      e.     The  5-5  wini^ing  of  -bhe  hybrid  (;^unk  side)  is;  operi. 

d.  «tTh€  3-4  winding  of  The  hybrid  (trunk, side)  is  shorted;  "         ,  . 


3  ■ 


:  6:82 


19.  (806).  What  relay 'lights  the  preeederibe  busy  lamp  during  a  precedence  butgbihg 
call  from  the  attendant's  caMnet?         /       -  . 

a:     PR.  •  c.  SP_S^. 

b.     As.  '  d.  PSL. 

20.  ,(806)    What  relay  provides  an  alternate^  path  to  keep  the  precedence-biis^y  lamp 
ii^hted  until  thfe  trunk  is  released  at  both  ^nds  from  a  PNOD'  call? 

a.  AR^        '   ;         •       '     *  c.  PSL. 

b.  pr:'  -  a;  pby; 

21.,^    (806)  ,  During  a  pi^cederice 'outgoing  call  from  the  svfitchboard,  the'operate 
pa^h  for  the  PT  relay  is  through  contacts 

^.     U.and  5  of  relay  SR.       _  c    8T  and  9T  of  relay  P^L. 

b.     2  arid  3  of  relay  ES :  '        d.  \3T  and  4T  of  relay  PSL. 


EKLC 


fi.     (807)    Which  relay  operation  connects  precedence  r.ing  back  tone  to  AUTSvoN? 


a.  *  Relay  OP.  c.  Relay  AR.       .  : 

b.  Relay  P2.  d.  Relay  AL*     ^  •'>-^ 

23.  (807)    What  is > the f period  of  time  that  a  precedence  network  inward  dialed 
(PNiD)  call  will  be  diverted^ if  the  call  is  unanswered?   i*^      ■                     .  ^ 

a'.     12-Second  start.  c.  -S-second  start, 

b.     2-sebbhd  start.                  *  ^.  1.2-secdnd  start v 

24.  (S07)    The  transf  er  of  a  PNID  call  Which  is  hot 'answered  will  cause  the 
precedi^nce  ;  '  • 

a.  busy"  lamp  J;0  light  constantly.-  c.  ;Wiswer  la»^to  flash  at  120 

b.  answer  lamp  to  flash  at  60  IPM.  d.  busy  lamp  to  flash  at  120  IPM. 


25.  C807)  /What  relay,  action  changes  the_condition  of  the  M-lead  when  the  operator 
first-  disconnects*  from  ,a  diviarted  PNID  call? 

^    a.     A  releasing.    '  c:     AR  operating: 

b.     C  pperating.  ^     d.     OPl  releasing .  '  - 

26.  (808)    Refer  to  f oldout  4 When  th^  operatbr  dep3?esses"- button'  8  on  .the  DTMF 
keyset  and  only  the  high-frequency  tone  is  transmitted,  the  probab-le  "c3bse^ 

^  of  trouble^is  that  capacitor      '  .  ^    ■  > 

a.     Gl  is  sKorted.  •        ,  c.     C4  is  shorted ■ 

b;     C2  is  open.       .  d.     57  is  opea. 

V~~~    -^-^  iJ^-.-  ,  : 

2.7.     (•^OS)    Refer  to  foldout  5.  What  type  of  pulsipg  is  applied  to  the  incoming  /. 
selector?                      *  ^                        .     .  .  -  '  ■  .  • 

a.  Tone.  ^  ■      , . 9'  -GrQurid. 

b.  Loop.  d.  'Battery. 

28.     (.809)  ^What  happens. _to frel'ays  A,  BJ,'and  D  if  the  calling  |Srty  hangs  up 
first  f  bllbwirig  atp^  NID  call?**     -    '  '  ^ 

_  _        _   r  ; '  ,  \  '         [  .  .     .        ■      .  . . . 

a.  Risvisrise  battery  from  the  connector  releases  SP  in  H-Z5650; 

b.  -^2  operates  and  restores  the^ circuit . 
>  c.     The  A  relay  is.'all  that  fieleases.  '  ; 

.  .  '   ci.     None  of^the  above.  , 


'  4 


29.     (8ib  j    Refer  to  foldout  5._  What  means  is  used  to  seizre  circuit  H-7569b-A?  ' 


a.     Tone.  ,  c.     High  resistance  ground.  ' 

h .    Loop ;  '  d ;    Battery : 

30.  (811)    Using  foldout  5,  what  would  be  the  results,  if  capacitdr  CI  in  circuit 
CRE-62081«B  were  open? 

calls  would  be  processed.  .      '  ^ 

b;^  0N2  would  release  too  slowly. 

c.  No  adverse  effect  on  the  circuit.    *  ^ 

d.  Circuit  boald  be  seized  before  being  release^. 

31.  (812)    In  the  receive  section  of  the  ST  signal  set,  when  relay  1^  operates^  a 

a.  ground  is  placed  on  the  E-lead  to  the  trank. 

*    b.  gr9^4  is  plaeed  on  the  M-lead  tp  the  trunk. 

c.  battery  is  placed  on  the  E-lead  to  the  trunk.  *  . 

d.  battery  is  placed  on  the  M-iead  to  the  trunk."' 

32.  -  '(813)    Resistor  R3B  of  the  VP  line  amplifier  provides  • 

a.     -2^  volts  DC.  c.     600-ohm  Idle  line  termination . 

'      b.     -'-^8  volts  DC.  *    .  d.     900-ohm  idle  line  termination. 

33.  f814):  Refer  to  foldout  9,     What  is  the  probable  cause  of *a  tt'puble  if  the 
-  oscillator  unit  i?elay  Kl  in  the  SF  unit  fails  to  operate  when  The  trunk  is 

idle?  V 

a.  Diode _CR3  is  open:  e.     Resistpr*Rl6  is  shorted. 

b.  Resistor  R15  is  open.  d.    Dtode'^R3  is  shorted. 

3U.     (815):  The  access  number  normally  assigned  to  th^  noise  and  balance  ttfst  line 
•  circuit  is 

a.  21.  c.  31. 

b.  -   22.  d.  1+1. 

35.     (815)    When  using. the  reverse  battery  test  line  circuit,  how  long  will  the 

continuous  bn-hbbk  supervisory  signal  alarm  after  dialing  access  to  the  reverse 
battery  test  line  circuit? 

'^a.     Off-hook  for  5  1/2  seconds  and  on-hook  for  2  seconds, 
b:    pff-hbbk  for  1  1/2  seconds  and  on-hbok  for  1/2  second. 

c.  Off- hook  for  1  1/U  seconds  and  on-hook  for  l/2<  second, 
d:     120  IPM  flashes!  ~ 

35.     (815)    When  using  the  end  office  loop  around  test  circuit,  how  long  will  the 

AUTGVON  technician  receive  ah  open-circuit  line  termination  during  the  stability 
test?    •  .  ^ 

a-     1  second.  c.     10  seconds. 

b.     5  secbhds .  d.     15  seconds .  ^  ' 

37;     (815)    When  the  end  office  around  test  circuit  is  being  used,  the  AUTGVON 

technician  must  access  connector  terminal  No,  1  prior  to  connector  terminal  No.  2 
to 


a:  make  a  stability  test. 

b.  complete  a  Ippp  ar^ound  test. 

c.  «  access  the  1000-Hz  tone  supply. 

d.  establish  the  dB  loss  of  the  access  line. 
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.38.     (815)   -Wheh-usihg  the_ehd  office  loop  around  teist  oircuit ,  ADT.OVON  i^Xl  receive 
short-circuit  line  termination  during  the  stability  test  fqr 


a.  1  seconds  C •     IQ  seconds . 

b.  5  seconds.  .  d.     15  seconds. 

39.  (815j    What  loacf  is  used  to  ter&inate  connector  terminal  No ^  2  when  seized  by 
^  a  technician  to  perform  the  loop  around  test? 

a.  500- ohm i  2-microfarad.  c.     900-ohm,  8-microfarad. 

b.  600-bhm,  U-roicrofarad .         -  d.     900-ohm,  16-micro^farad. 

40.  (815)    What  operates  the  off-normal  springs  of  a  rotary  switch  when  the 
wipers  are  at  normal? 

a.  Off-normal  cam  loh .  c.  •«'pff-normal  armature^ 

b.  Ratchet  stop  spring.  d.     Off -normal  lever  arm. 


Ul.     (815).  The  completely  automatic  sequence  of  operation  for  the  rotary  switches 
used  in  the  special  test  circuits  is  controlled  by 

a.  60  IPH  ground.  *  '  . 

b.  120  IPM  ground..  .    .  ■  . 
G.  the  rotary  swi;||ph  interrupter  contacts: 

d.  ail  of  the  ahoVS^.  ^  ^  '  ' 

42,     (815)    To  complete  a  stability  test,  the  AUTOVON  technician  must  access 
cohhectbr  terminal 

'  a.  No.  1  with  the  a^ess  line  of  the  known  dB  Xos?*. 

b.  No»  2  with  the  access  line  of  the  Icnowh  dB  loss, 

c:  No.  1  prior  to  connector  terminal  No.  2. 

d.  No.  2  prior  to  connector  terminal  No.  1. 

.43.     (815)    Using  the  three^arin  wiper  arrangement  on  the  rotary  switches  in  the 
special  test  circuits,  the  bank  contacts  are  traversed  by 


a.  one  fourth  revolution  of  the  wiper  assembly. 

b.  one  third  revblutibh  of  the  wiper  assembly, 
i*??  one  half  revolution  of  the  wiper ; assembly . _ 

d.  one  complete  revblutibh  bf  the  wiper  assembly. 

44.-   (815)    The  special  test  circuit  that  employs  the  one-arm  wiper  arrangement  on 
the  rotary  switch  is 

a.  noise  and  balance  test  line  circuit. 

b.  ,    reverse  battery  test  line  circuit. 

c.  end  office  loop  around  test  circTiit.  - 

d.  .line  termination  test. 


45.     (816)    Refer _to  f oldout.  6. In  the  noise  and  balance  test  line  circuit,  the 
conduction  bf  vacuum  tube  Tl  simulates 

a.  oh-hbok  supervision.  c:     called  party  answering. 

b.  ringing  of  the  called  party.  d.     battery  reversal. 


:  V 


46.     (816)  .  in  t'he  noise  and  balance  test  line,  circuit,  the  homing  circuit  for 
;      rotary  switch  (RS)  is  opened  by  -  - 

ai    TR_ contacts  1-and  .2^  ^         c.     m  contacts  l  and  2. 

,b.     INT  contacts  2  and  3:  .  d;     ON  contacts  1  and  2. 

^7.     (817)     In  the  reverse  battery  test  line  circuit,  the  operate  path  for  rotary 
switch  (RS)  during  ringing  current  from  the  connector  is  controlled  by- 

a.  relay  C.         .  *       c.     relay  B: 

b.  relay  A.;  d.     relay  D.  <- 

48:  -  (817)    The  reverse  battery  test  line  cir^it  is  marked  idle  by 

a.  absence  of  ground  on  lead  CN._.  c-     (-)  battery  through  relay  D. 

b.  (-^)  battery  through  resistor  R2.     '     d.     ground  on  lead  CN. 

49.  (817)    Refer  to  f oldout  diagram  7.  In  the  reverse  battery^ test  line  circuit, 
relay  A  is  operated  by  _ 

a.  DC,  loop  across  tip  and  ring.  '  c.     shorted  test  jacks  1  and  2^  = 

b.  ringing^ current .  d.    negative  battery  on  (+)  line. 

50.  (817)    Refer  to  foldput  diagram  7.     Dial  tone  is  returned  from  the  reverse 
battery  test  line  circuit 

a.  upon  seizure.of  the  test  circuit.        c.     during  each  on-hook  signal. 

b.  after  relay  G  operates.  d.     during  each  off-hook  signal. 

51.  (S18)    Thej?rid  office  loop  around  test  circuit  is  marked  idle  at  connector 
terminal  No •  1  by 

a.  resistance  batter^  through  relay  LAC. 

b.  resistance  battery  through  relay  CLl. 

c.  absence  of  ground. 

d.  ground  OS  the  B  lead. 

j     t   _  ' 

52.  (819)— When  establishing,  known  dB  loss  : using  the  end  office  loop  around  test 
circu^,  the  AUTOVON  technician  would  measure  the 

3'  .  ^isistance  of  R-^« 

b.  capacitance  of  C-1  and  C-5, 

e.  1006^,Hz,  0-dB  tone  provided  by  the  TTS-3-9B. 
d.  total  resistance  of  R9,  R8,  R7,  R6,  and  R5. 

53.  ( 820 )_ .Refer  to  foldout  ICi.     When  establishing  known  dB  Ibisses  and  using  the 
end  office  loop  arbund  test  circuit ,  relay  TT  ■ 

a.  is  permanently  operated.  .  — 

S.  holds  through  contacts  4T/3T  of  .CL2. 

c.  pulses  from  fhe  C-lead.  .  .  i- 

d.  is'  operated  for  10  seconds  and  released  for  1  second: 

54.  (821)    the  test  set  which  Should  be  used  to  roeSsure  frequency  is  the 

a.  control  si'gnal  generator.  c.     electronic  test  lamp. 

b.  26A  test  set.  d.     electronic  counter. 

55.  (§21)    When  maintaining  interface  equipment,  decibel  levels  are  checked 

a.  with  a  vacuum  tube  voltmeter.      '  '^s^ 

b.  with  a  cQj|trbl  signal  generator.  \ 
C-     with  an  electronic  counter. 

d.     bnly  during  NOD  calls.  ^ 
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56;  •  (821)    The  vacuum  txibe  vbitmeter  is  use"d  primairily  to  measure 

a.  resistance  aiid  voltage;  c:     voltage  and  deciBels;^  y 

b.  current  and  decibels.  d,     decibels  and  resistance,'  ^ 

'57.     (821)    An  audio  frequency  oscillator  / 

1   A  .    ^  : 

^^j>rroduces  tones.  c,    measures  frequencies, 

bv^measures  tones;  d;     produces  -square  waves: 

58.  (821)    To  check  the  overall  quality  of  a  transmitted  signal  to  and  from' the 
switching  center ^  you  would  use 

,       ;  _    '  _       _    _  "  _  ' 

a.  a  trahsmissioh  testset;  e.     an  electronic  counter.  ; 

b.  a  signaling  test  set,  -  d,     a  vacuum  tube  voltmeter 

59.  (821)    The  electronic  counter  is  used  primarily  to  ' 

a.  count  dial  pulses.         '  c.     measure  frequencies. 

b,  control  counters,  '  d.    measure  electronic  Voltage; 

60.  (822)    What:  type  of  routine  do  you  perforrn  when  you  wish^W  check  the  frequency 
of  the  single  frequency  (SF)  signaling  set? 

a.  Type  2.  c.     Operational,     : _     : »  :__ 

b.  Type  3;  d.     Alignment  and  adjustment- 

61.  "^(822)    What  test  equipments  are  required  to  perform  a  type  I  PMJ  on  the  DTMF 

keyset? 

a.  '  Audio  oscillator  and  VTVM. 

b.  Electronic  counter  and  VTVM. 

c.  Audio  oscillator  and  'test"  lamp.    / 

d.  Electronic  counter  and  audio  oscillator.  ^  ' 

62.  (822)    When  performing,  a  type  I  PMI  on. the  DTMF  keyset ^  the  electronic  counter 
is  set  up  to  TDeasure  the 

a.  frequency  of  each  tone.  c;     period  of  each  tone. 

b.  level  of  each  tone.  d.     voltage  of  each  tone. 

63.  (823)    The  dual  tone  mult if requency  (DTMF)  keyset  is  normally  aligned 

a.  monthly.  c.     with  the  power  turned  off. 

b.  at  the  factory.  .  d.;    every  two  years. 

6^.     (823)    In  order  to  properly  adjust  the  precise  tone  supply,  you  would  use 
the  VTVM  and 

a.  DC  power  supply.         .  c.     DTMF  keyset: 

b.  electronic  counter.  d.  screwdriver. 

65.     (823)    When  adjusting 'the  VF  line  amplifier,  you  will  need  assistance  from 
personnel  at 

.... 

a.  other  s;hdps.  c,     the  distant  end. 

b.  the  switchboard,  d.     the  receiver  site. 
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.   ..  . ;  __     _    _  '  '\ 

66.  (823)    Single  frequenc^  (SF)  signalling  units  fcjr  your  equipment  are  located 
in  the  '  ! 

a.  central  office,  if  you  are  located  in  this  istatiss : 

b.  '    AUTOVON  switch.    __  _ 

c.  tech  Gontrol_facility,  if  you  are  locatisd  in  the  "states; 

d.  central  office,  if  you  are  located  overseas. 

67.  (824)    What  type. of  cables  are  used  to  connect  maip  feeder  cables  to  distribu- 
tion terminals? 

a.    Trunk  cables..                ,  c:     Distribution  cables. 

h.     Feeder  cables.  d.     interlocal  trunk  cables. 

68.  (82u)    Which  type  of  cable  plant  is  least  susceptible  to  damage? 

a.  Buried.^  •  e.     ^n^^f  aground .  • 

b.  .fterial.        /      '         :         *  d.    Branch  feeder. 


69.     (825)    Which  of  the  following  symbols  will  never  be  found  on  an  underground 
cable  record?  ,  ^ 

p  - 

a.  Central  office.  c.  Manholes. 

b.  Cable  number.  d.     All  of  the  above. 


70.  (824)    When  using. a  cable  map,  what  indicates  the  difference  between  aerial  and 
underground  cable? 

a.  Rectaiigles  for  manholes  bri  undergrbund  cable: 

b.  Underground  cable. is  shown  as  a  dotted  line. 

c.  Circles  for  mahhbles  bri  undergrbund ' cable.  ^  '  ^. 

d.  Aerial  cable  is  shown  as  a  dotted  line. 

71.  (826)    What  unit  is  lised  to  measure  transmission  loss? 

a.     Attenuation  ration*.  e.  Decibel. 

b:    Milliwatt:      ,  d.    Volts.  , 


72.  (826)    The  characteristic  ii^pedance  of  a  transmission  line  depends  upon  the 

a.  length  of  the  line. 

b.  lpa<3  placfed  on  the  line^  A  _ 

c.  internal  impedance  of  power  supply. 

d.  distributed  constants  of  the  lirie. 

73.  (826)    What  is  the  prinjary  reasbri  for  impedance  matching? 

a.  Rediictibri  bf  atteriuatibn. 

b.  Provides  for  maximum  pdj»/er  dissipation.     _  _ 

c.  Provides  the  mbst  efficient  circuit  operation. 

d.  Gives  a  maximum  transfer  of- power. 

714.     (827)    Impulse  noise  can  best  be  eliminated  from  cable  circuits  by 

a.  use  *  of  line  amplifiers. 

b.  use  of  pressurization..   

c.  careful  maintenance  of  central  office  equiproerit. 

d.  shielding  mechanical  devices. 


77. 


'tal^lc^^i^^^^t  iikeiy  result  frbih  which  brie  of  the  following 

Induct.ive/«cap^c^^ve  c^tiglirig^  [        .  ^  ^ 

piff  e^tetialfc'  voita^e^^tSeen^Wti  CO  *        ^  ^ 

Make  -.^<^i^:eaK  .C(5ht3iti^^^      switching,  and  signaling  equipment. 
Moistafl?e^nd  iliineraJf^salts  in  damp  cable: 


76.    ,(828)  i^sS  otie_bf  the  following  conditions  is  a  characteristic  of  a 
frequenpy,*' distorted  transmitted  ^Srave? 

.   -      '^'.y.  .  •  ■      '  .  - 

4        a.     Higb-frfequency  component' 'is  attenuated  more  than  the  Ibw-frequen^ 

component*.   ■__  j  ^   -   

^       b.     iiow- frequency  component  is  attempted  nibre  than  the  high-^equency 
•   1      component^   _        _      _  _" 

c.  The  low- frequency  bomponent  phase  shift  is  less  than  the. high- frequency 
phase  shift^^  .  __ 

d.  The  phase  shift  is  directly  pr»oportionai  for  both  fieq^ency  components; 

(829j    What  test  equipment  is  required- to  perform  an  ifisulation  resistance 
test?  '         -     '  ' 


,ct  HP  236^ 
d.     HP  35 


a.  AN/PSM2A.  ^  «r 

b.  AN/PSM6A.  f 

78.  (829)    The  primal^  purpose  for  making  an  impulseynbfise  test  is  to  measure  the 

•  ,  .■  _     _    _        _      __  - 

a.  electric  impoiises  at  the  transmittitig^ehd . > 

b.  disturbances  with  abrupt  changes  aUd  , of.  short. duration. 

c.  amount  of  electrical  _noise_  present  bh.thi^^  cable  pair  . 

d.  loss  occurring  because  of  feedover  from ySnother  sou^e< 

79.  (829)    The  purpose  for  making  the  idle  channel  noise  test  is  to  measure  the 

/  .  ■ 
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a.  loss  occurring  because  of  feedover. 

b.  electric  impulses  at  the  transmitting  end. 

c.  amount,  of  electrical  noise  present  on  the  cable  pair. 

d.  distur^jances  having  abrupt  changes  of  short  duration. 

(829):   What  test  equipment  "is  required  for  the  frequency  response  test? 


81. 


82. 


83. 


a.  Test  oscillator  and  VTVM.  : 

b.  Noise  test  set  and  AN/PSM-6.^  / 

c.  Transmission  and  noise  test  se;^. 

d.  Test  oscillator  and  transmission  dnd  noise  set. 


(83b)  What  information' is  nb^ 
performance  test  record? 


extracted  from  a  cable  map.  to  start  a 


a.  tength  of  cable. 

b.  Lbaded  br  non-rloaded. 


c.  .  Gauge  bf  cable. 

d.  All  of  the  above. 


(630)  Frequency  i^igspbhse,  idie  channel  noise,  and  impulse  noise  tests  results 
are  recorded  on  .  / 

■ 

a.  -Arro  Form  484.       '  /  e.     AFTO  Form 

b.  AFTO  Fb^ 48 5.  /  ^'  376^ 


(831)  While  setting  ^ic£^  impulse  noise  test,  the  reference  level  of 
hits  recorded  will'  be  setTto  read 

a»   ^15  hits  in  15'  minutei^.  

b.     15  low  hits  in  15  m|fhutes. 


c.  30  high  hits  in  15  minutes. 

d.  30  high  hits  in  30  minutes. 
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84.     (831)    What  is  placed  at  the  distant  frame  or  terminal  for  loaded  cable 
during  ah  idle  channel  noise  test?  ,  ^  ' 


J  t:     500-dhin  resistor. 

y  d.     960-bhin  ^sistor. 


a.  Short.  /  500-dhin  resistor. 

b.  Open. 


85.  (831)  What  is  the  decibel  reference  level  set  at  for  the  impulse  noise  test 
(voice)?  ^ 

a.     72  dBrn:  c:     50  dBm;  • 

'    b.     58  dBrn.  d.     90  dBrn. 

86.  (831)    When  using  thife  transmission  and  noise  measuring  test  set  to  check  idle 
channel  noise,  thqf range  switch  is  adjusted  until  the  fluctuations  of  the  meter 

a.  appear.  c.  disappea^* 

b.  level  off.  d,    fail  in  mid-scale. 

31)    When  performing  the  frequency  response  the  function  switch  of  : the 

236A  test  set  wilJ^.J^^'  set  to  either  600  ohms  or  900  ohms  if  the 

a.     transmission  noise  measuring  set  isset  to  600  or  900  ohms. 

D,     expected  attenuation  is  to  exceed  ID  dB.  i  r 

c.  cable  is  pressurized. 

d.  cable  is  loaded. 

88.  (831)    When  performing  the  station  ground  resistance  test,  which  lead,  if  any, 
is  connected  to  the  grounding  electrode? 

a.  Terminal  1.  c.     Terminal  3. 

b.  Terminal  X.  -  d.     None  of  the  above.  ^ 

'       .  _    __   . .  _  < 

89.  (831)  When  performing  a  station,  gi*ound  resistance  test,  the  galvanometer  of 
the  vibroground  test  set  indicates 

a.  dBrn  values  for  transmission  level  measurements . 

b.  the  imbalance  between  equipment  ground  and  earth. ground . 

c.  if  thitfi^e  is  a  grounding  system  for  mahmade  and  electronic  grounds^ 
d;     when  the  measuring  system  is  balanced  with  the  grounding  electrode 

^         resistance.  ^ 

90.  (832)*  Maximxim  acceptable  count  for  impiilise  noise  on  data  circuit  is 

--  -  -  --         -     --     -  ■ 

a.  90  hits  at  58  dBrnc  in  30  minutes;  , 

b.  15  hits  at  59  dBrnc  in  15  minutes. 

c.  '95  hit^  at  58  dBriic  in  30  minutes; 

d.  hits  at  72  dBrnc  in  15  minutes. 

91.  (832)  When .analyzing  frequency  i*esppnse  .test  results  and 'the  loaded  pair  is 
more  than  10  percent  off  the  standard :loss  at  1000  Hz,  the  pair  may  still  be 
acceptable  if  the  measured  loss  is  within  20" percent  of  the 

a.     total  faciil-ty  loss.     ^  '       c.     measured  facility  loss. 

,  b.  Veffectjjve  facility  loss.  d.     total  frequency  loss. 


f 


